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DISTRIBUTION OF GLYCOGEN IN THE CENTRAL AND SYMPA- 
THETIC NERVOUS SYSTEMS OF THE HORSE, WITH REFER- 
ENCE TO HISTOCHEMICAL ANALYSIS OF THE RELATION 
BETWEEN GLYCOGEN AND NISSL’S BODIES 

By 

Yoshiyuki Toryu 

The Marhka Imperial College of Agriculture and Forestry, Morioka 
(With Plato I) 

(Koceived April 19, 1937) 

INTRODU. TION 

The distribution of glycogen in the central nervous system of ver- 
tebrates has been reported by many investigators. One of the most recent 
work is that of Sato (1930). This investigator found that the nerve cells 
in every centers of oxen, pigs, cats, rabbits, mice, dolphins, birds and 
reptiles contain more or less amount of glycogen, and even the cells of 
hypophysis, ependyme cells and cerebrospinal fluid contain a minute amount 
of it. Tanaka (1928 1929) studied the distribution of glycogen in the 
central nervous system of Kuinea-pig.s, rats, hens and pigeons, and obtained 
results similar to that of Sato, Katase and Mitsuda found that glycogen 
is contained in the cells of cortex cerebri, the Purkinje’s cells and spinal 
ganglion cells of dolphins, rats and mice. Ohashi (1922) studied the 
distribution of glycogen in the central nervous .system of frogs {Rana 
eaculeiUa and Bufo bufo japonicus) and stated that in summer glycogen 
appears only in both the chorioid plexus and the spinal cord, but in winter 
also in lobus opticus, cerebellum and ganglion cells. In spite of a vast 
literature as above mentioned, no one has studied the distribution of 
glycogen in the central and the sympathetic nervous system of the horse. 

Since Nissl published his investigation of the nerve cells, the composi- 
tion of the Nissl’s bodies has been studied by many workers. Muhlmann 
(1912) investigated the solubility of the Nissl’s bodies in various solutions, 
acids and alkalies, and stated that these bodies contain three different 
protein components. Later, this investigator (1929) showed that they 
contain nuclein compounds, because of the fact that they stain positively 
with Fbulg^’s (1926) “ Nuclealffirbung ” and also is dissolved by 
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nucleases. These results were partially confirmed by Einarson’s (1932) 
staining (wpeTiment with dissolved lacks. On the other hand, Unna and 
Cans (1911) denied that these bodies contain nuclein compounds, because 
they stain negatively with purified methyl green. Einarson (1935) studied 
the influence of the varieties of the fixative and their pH upon the Nlssi/s 
pattern, together with the stainability with various stains and stated that 
Nissl’s bodies contain at least three histological components : A, basophil 
chromatin substance ; B, basophil protein ; and C, acidophil protein. From 
these data ont' s(i(\s that there are discrepancies among authors concerning 
th(i histological or chemical composition of the Nissi/s bodies, except that 
they contain some protein components. 

Tanaka (1929) studied as to whether or not the Nissi/s bodies are 
the same as the so-called glycogcm granules appearing in the nerve cells 
and deni(‘d their similarity because of the fact that after the salivary 
digestion of the glycogen granules the Nissl’s bodies appear by staining 
with toluidin blue. Sato (1930) stated that the ganglion cells of ver- 
tebrates, such as mammals, birds and amphibians, contain glycogen resem- 
bling the Nissl’s bodies in shape. Thus no one has yet given reliable 
evidence for th(‘ existence of glycogen in the nerve cells, notwithstanding 
the general thought that the Nissl’s bodies may contain glycogen or a 
substance related to it. 

In the present investigation 1 have dealt with the distribution and the 
nature of glycogen in the central and the sympathetic nervous system of 
the horse, and histological analysis of the Nlssl’s bodies with especial 
reference to the relation of glyeogen to the Nissl’s bodies. 

MATERIALS AND MP:TH0DS 

All the material was taken from the horse. Three healthy animals of 
about 1 years old were selected. The jugular vein wa.s cut without anes- 
thesis and the animal was allowed to bleed to death. From the central 
nervous system, cerebrum, cerebellum, medulla oblongata, spinal cord, 
spinal ganglion, ganglion petrosum, ganglion Gasseri, ganglion jugulare, 
and from the sympathetic nervous system, ganglion trunci sympathici, 
Auerbach's plexus and Meissner’s plexus were obtained. 

Alcohol-formalin saturated with sodium acetate (Toryu) or with mag- 
nesium sulphate (Sato) were used as fixing fluids. All the materials were 
embedded in celloidin and sectioned 20/^ thick. 

The following stains were used. Methylene blue or toluidin blue was 
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used for Nissl’s bodies, Best’s carmin fluid for glycogen, and Sudan III 
for lipoid. 

The analyses of Nissi/s bodies were carried out by determining the 
affinity for various stains above mentioned after digestive treatment with 
various enzymes. The sections were put into the buffer solution of a 
known pH containing a known enzyme for a fixed time and then were 
used for staining. Amylolytic enzymes and proteolytic ones were commer- 
cial, but lipolytic one was obtained from the seeds of Ricinus communis 
(Takamiya, 1935). The method was as follows: 3'he dried powdered 
material without shell was mixed with 10 volumes of etluT petroleum. 
After several hours the solution containing fat was filtered off. The n^si- 
du(» was dried and mixed with 5 volumes of distilled water. After IS 
hours the solution containing lipase was filtered. For the digestion of 
lipoid, tlu^ enzyme solution was added in 5 per cent to the buffer solution 
of a moderate pH. 


UKSUl/rs 

L Result Obtained for the Determination of Fixing Fluid. 

For Best’s carmin staining of glycogen, different kinds of fixatives 
have been recommended by different workers: Best, Arnold, Np:ukikch, 
('arnoy, Kinoshita, Sato, Tanaka, etc. None of them, however, an*, 
regarded as ideal for the glycogen in every tissue. Therefon*, as the 
first step of this investigation, I have preliminarily tested the staining 
power of Best's carmin fluid for glycogen in the nerve cells aft(T fixation 
in several kinds of fixing fluids. As materials the spinal cord and the 
sympathetic ganglion of the horse were employed. All the material was 
embedded in celloidin and sectioned 20// thick. Staining time was ap- 
proximately 40 minutes. The results are given in Table 1. In the same 
table are also given the results obtained for the anterior lobe of the 
hypophysis and the liver as controls. 

As will be seen in Table 1, chloroform combinations, such as Cahnoy’s 
fluid and alcohol-chloroform saturated with sodium acetate, prevented the 
carmin staining for glycogtm in the nerve C(?lls, although they really gave 
better results for the liver and the hypophysis. On the other hand, al- 
cohol-formalin saturated with sodium acetate (Toryu) proved the best of 
all, showing perfect results in all respects. Therefore, this fixative was 
mostly employed throughout the entire course of this investigation. 
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TaBI£ 1. . , 

StainabUUy of iftycogen in BESfa eamin fimd after 
in various solutions. 




Material 

l^iHikkage 

Fixing fluid 

Reaction 

Spinal 

cord 

Sympa- 

thetic 

ganglion 


Liver 

Alcohol CBe«t) 

Neutral 

4H 

4R 

444 

444 

« 

AlcohohEther 

It 

4+ 

4+ 

m 

4H 

« 

AlcohiohEther saturated 
with magnesium sulphate 
(KmOflHlTA) 

- 

m 

414 

444 

m 

m 

iUcohot-Eilmr saturated 
with ammonium sulphate 
(Kinoshita) 

It 

m 

W 

444 



Alcohol Formal in 
(Tanaka) 

It I 

4H 

444 


44 

+ 

Alco&l<i*''ormalin saturated 
with magnesium sulphate 
(Sato) 

It 


m 

4t 

D: 

4- 

Alcohol-Formalin saturated 
with ammonium sulphate 
(Sato) 

tp 

« 

m 

4i 

H 

+ 

^cohol-Formaiin saturated 
with sodium acetate 
(Tomru) 

Alkaline 

m 

4t 

II 

iH 

■' ± 

Formalin saturated with 
dextrose (Neokikch) 

Neutral 

H 

44 

+ 

-f 


AlcoholChloroforro with 
glacial acet acid (Cahnoy) 

Acid 


+ 

4i 

« 

' ;± 

Alcohol-Chloroform 
saturated with sodium 
acetate (ToftYV) 


H 






2. Result Obtained for the OistribuHon of Glyeogen. 

The distribution of glycogen in both the central and ^le 
nervous ^stem was determined by the method already dieaa^Mdi mid 
the results are given in Tables. 2 and > - 

As will be seen in Table 2> glycogen is contained in die 
in every center. But remariuble vatiations aw lonnd m lAiie'[iai^db::pi; 
it among the cells. The cdls of proceMsepludon imd diencephi^ 
a small amount of it, while those of mesentepbalon, m«teMepliiih>h, 
oblongata, spinal cord, spinal ganglion and efl die peHidiend 























QLYCOQBN AKD NISSL’S BODIES 


5 


Table 2. 

Relative amount of glycogen in the nerve cells of the 
central rtervous system. 


R« 9 ioni 

Glycogen 


Regions 

Glycogen 


Lobiui IronUlis 

+ 

If 

Pons 

m 


Lobus p«n«tali« 

H 

Cerebellum 

+ 

1 

Lolnit occipiUlii 

+ 


Nucleus dentatqs 

4H 

1 


|B|| 

js 

3 g5 

ill 

Ohva 

4H 

1 

Cornu ammoai 


Corpus restiforme 

m 

£* 

Nudoufl lentiformis 

± 


Cervical portion 
(Proximal) 

m 


Nucleus ckndatus 

+ 

1 

Cervical portion 
(Distal) 

m 


Nucleus taeniaefonnis 


1 

§• 

Thoracical portion 

«f 

1 

Thalami optici 

± 

Lumbar portion 

# 

1 


« 


Ganglion petrosum 

m 

1 

anterior 

Hypophysis middle 
(kMtenor 

m 

H 

g 

i 

Ganglion Gasseri 

m 

Si 

Corpora quadngemina 

++ 

1 

Ganglion jugulare 

m 


Crura cerebri 

4» 


Ganglion spinale 

m 


Table 3. 

Rdative amount of ify/cogen in the sympathetic nerve cells. 


Ganglion 

Glycogen 

Ganglion 

Glycogen 

Ganglion oervicale craniale 

« 

Ganglion mesentericum 
cranialis 

# 

Ganglion cenricale caudide 

« 

Ganglion mesentencuni 
caudalis 


Ganglion thoracioale 

« 

Plexus Auerbarhi 

•H 

Qanglton lumbala 

« 

Plexus Meissneri 

•f 

GantUoii sMirale 

m 




tliB s gNHit. amount df it, so that the wiwie body of the cells assumes 
ktiMB md edm*, 

t%B wr«e oelis in the Ejrmpathetie ganglia contain a great amount of 
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glycogen, except tiiose in the Auerbach’s and the Meissner’s plexus in 
which only a small amount of it is observed. 

Glycogen is also found in such cells, different from the nerve cells, as 
the cells of the anterior and the middle lobes of the hypophysis and also 
found in the interstitial tissue of the pineal body. But the nature of the 
glycogen contained in these cells and in the tissue just mentioned greatly 
differs from that contained in the nerve cells. This will be fully discussed 
under the section “ Result Obtained for the Analysis of Nissl’s Bodies.” 

3. Result Obtained for the Relation of Glycogen to the NlSsVs Bodies. 

I have preliminarily tested as to whether or not the fixing fluid for 
the glycogen in the nerve cells is applicable for the Nissl’s bodies. Pieces 
of the spinal cord and the sympathetic ganglion were fixed in the same 
fixatives as those used for the glycogen. These materials were embedded 
in celloidin and stained with methylene blue or toluidin blue. The results 
are given in Table 4. 


Table 4. 

Stainability of NiSSl's bodies with methylene blue 
after fixation in various solutions. 


Fixing fluid 

Stainability 

Fixing fluid 

Stainability 

Alcohol 


Alcohol-Formalin saturated 
with magnesium sulphate 

m 

Alcohol -Ether 

++ 

Aicohol-Formalin saturated 
with sodium acetate (Toryu) 

m 

Alcohol-Ether saturated with 
ammonium sulphate 


Formalin saturated with 
^ex^ose 


Alcohol -Formal in 

m 

Alcohol-Chloroform with 
j^lacial acetic acid (Carnoy) 

m 

Aicohol-l^ormuiin saturated 
with ammonium sulphate 

m 

Alcohol-Chloroform saturated 
with sodium acetate 

m 


As is shown in Table 4, all the fixatives, except chloroform mixture, 
showed the same degrees of staining of Nissl’s bodies as those of glyco- 
gen staining already mentioned. Thus excellent results were obtained 
from the materials fixed in alcohol-formalin saturated with sodium acetate 
(Toryu), which accordingly was mostly employed as fixing fluid for U»e 
Nissl’s bodies. 

A. Morphological Relation. 

^ the first step of investigations concerning the relatbu of glycogen 
within the nerve cells to the Nissl’s bodies, the mori^ological relation 
between the two was investigated. The observations are as follows; 
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The form and the arrangement of glycogen resemble those of Nissl’s 
bodies. Four types are found, showing a fairly constancy for the different 
varieties of nerve cells. 

First type {Motor cell type). The typical form is found in the large 
motor cells in the anterior horn of the spinal cord, where the granules 
are spindle or roundish in form and of conspicuous size, which often 
exceeds in dimensions the large nucleolus of the cells. They are to be 
found not only in the cell body, but also for a distance in the dendrites, 
where they have a more elongated, spindle shape. Neither glycogen nor 
Nissl’s bodies are found in the neurite and its cone of origin (Fig. 1). 
The cells in the most nuclei of crura cerebri, pons and medulla oblongata 
show this type, but the granules are by far smaller than those found in 
the anterior horn of the spinal cord. 

Second type {Sensory cell type). The gremules within the sensory nerve 
cells in the posterior horn of the spinal cord are typical. They are large, 
spindle shaped and very few in number. The cells in thalami optici, hypo- 
campus, corpora quadrigemina, nucleus dentatus and those in some nuclei 
of crura cerebri and medulla oblongata also contain the granules of this 
type. 

Third type {Gan^ion cell type). In the cells of the spinal ganglia 
and of the peripheral ganglia they are roundish bodies of relatively large 
size and closely packed in the cell body. The cells in the sympathetic 
ganglia contain the granules of this type, except those in the Meissner’s 
plexus and in the Auerbach’s plexus in which the granules are so small 
and so closely packed as to make the cell look dusty. 

Fourth type {Diffused type). Neither glycogen nor Nissl’s substance 
form granules in the cells of cortex cerebri and in Furkinje’s cells, where 
they are diffuse. 

B. Stainability of Nissl’s bodies with Best’s carmin fluid. 

Glycogen staining was made on the sections preliminarily stained with 
methylene blue or with toluidin blue. The method is as follows ; - 

1. Decolorize the sections, preliminarily stained with methylene blue, 
with xylol, 96^ alcohol, 80^ alcohol. 

2. Wash in water for few minutes. 

3. Stain the sections for 30 minutes with Delafield’s haematoxylin 
dilutt^ ten times. 

4. Wash in water for few minutes. 

h. Stain, ftnr 40 minutes in Best’s carmin fluid. 

6. Differentiate in the mixture : — 
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Alcohol abs., 80 cc. 

Methyl alcohol, 40 cc. 

Aq. dest., 103 cc. 

7. Wash off in 80 9^. 96^ alcohol. 

8. Creosol-xylol, balsam. 

Stained by the method as above mentioned, red colored granules ap* 
peared and the form and arrangement of them were found to be strictly 
the same as those of the Nissl’s bodies (Figs. 1 and 2). It was also 
found that the degree of the glycogen staining always shows a good 
agreement with that of the Nissi. staining ; namely, with the decrease in 
stainability with methylene blue of the Nissl’s bodies, the stainability of 
the latter in Best’s carmin fluid decrea.ses. Thus it was found that after 
disappearance of the Nissl’s bodies by the action of digestive enzymes or 
by post-mortem autolysis, no glycogen granules was found by Best’s car- 
min staining (Figs. 3-6). 

Tanaka (1929) studied as to whether or not the glycogen granules 
contained in the nerve cells of vertebrates are the same as the Nissl’s 
bodies. He attempted to stain the Nissl’s bodies with Best’s carmin 
fluid and failed to obtain any positive result. In the present investigation 
of the nerve cells of the horse, they could be stained with Best’s carmin 
fluid. This makes probable that the glycogen granules contained in the 
nerve cells are the same as the Nissl’s bodies when the morphological 
relation alone is considered, or that the glycogen is contained in the nerve 
cells as one of the elements of the Nissl’s bodies when not only die 
morphological relation, but also the componental relation are considered. 

4. Result Obtained for the Histological Analysis of the Nissl’s Bodies. 

To obtain further data concerning the evidence that the glycogen 
contained in the nerve cells is one of the elements of the Nissl’s bodies, 
and also to determine whether or not some other elements are contained 
in the Nissl’s bodies, further histological analysis with especial reference 
to the relation of glycogen for the Nissl’s bodies was made. In this ex- 
periment digestive treatment and staining method were employed as follows: 

Sections of 20 fi thick were immersed in the buffer solutton of a known 
pH containing a known enzyme, and at the fixed intervals they were used 
for the determination of the relation of glycogen to the Nissl’s bodies 
and for the detection of other expected elements in the Nissl’s bodies 
by staining with various stains already mentioned. 

A. Relation of glycogen to the Nissl’s bodies seen from action 
of various enzymes. 
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Preceding the digestive treatment on the glycogen in the nerve cells, 
I have tested the digestive power of various enzymes on the glycogen in 
the liver cells and the His’s bundle. The materials were obtained from 
the horse. The methods employed for the fixation and the embedding 
of the materials were the same as those of the nerve cells. The sections 
of 20 thick were u^. The results are given in Table 5. 


Table 5. 

Digestive power of various enzymes on the glycogen in the 
liver cells and the HtS's bundle. 


Enzyme solution 

pH 

I'imp requi 
complete dige; 

Liver cells 

red for the 
stion. in hours 

Hi.s’s bundle 

Saliva (50*©) 

7 

7 

12 

1-2 

1-2 

1-2 

.. (12.5?©) 

7 

4 

4 

Oia-sUse (1?©) 

6 

4 

4 

Panctase (0.8*©) 

7 

3-4 

3-4 

Trypsin (0.5?i) 

7 

4 

4 

Pancreatin (2.6?©) 

7 

4 

4 

Pepsin (1*©) 

5 

Not digested 

Not digested 

Saliva 

Papsin (1?,) 

6 

4-5 

4 

Diastase (l*s) 

Pepsin ( 1 ? 4 ) 

6 

4 

4-5 

Lipase solution 

6-7 

Not digested 

Not digested 


As will be seen in Table 5, any enzyme solution, as far as it contains 
amylolytic enzyme, digests the glycogen in the liver cells and the His’s 
bundle, the time required for the complete digestion being about 4 hours 
in most enzyme solutions. 

To determine whether or not the digestion of glycogen in the nerve 
cells occurs by the action of the same enzyme solution and also whether 
or not its digestion occurs at the same time when the Nissl’s bodies dis> 
Appears, digestive treatment was made on the nerve cells. In this experi- 
ment eadi section was used for both the Nissl staining and the glycogen 
staining by the method as already mentioned. The results are given in 
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Table 6. In the same table are also given the data obtained for the 
glycogen in the antiTior lobe of the pituitary body and in the pineal body 
for comparison with that obtained for the glycogen in the nerve cells. 

Table 6. 

Digestive action of various enzymes on the glycogen and the 
NlSSl's bodies in the nerve cells. 


Knzymf* solution 

^ime retiuirecl for the 
complete Hige.stion of 
Nissl’s bodies, in hours 

Time, required for the complete 
digestion of glycogen, in hours 

Spinal 

cord 

1 Sympa- 
thetic 

1 ganglion 

Spinal 

cord 

1 Sympa- 
1 tiietic 

1 ganglion 

j Pituitary 

1 body 

Pineal 

body 

SulivH 

10 

1 10 

10 

j 10 

1 

12 

.. 

i:i 

15 

13 

15 

1 2 

1 

,. (12..’)',,) 

Ifi 

1 20 

15 

20 

4 

4 

Diastase 

8-9 

8-9 

8-9 

8-9 

i 4 

1 ^ 

4 

Pepsin 

Not 

digested 

Not 

tligested 

Not' " 
digestt^d 

Not 

digested 

^Not 

1 tligested 

Not 

digested 

Pant tast? 

8 

3 

3 


1 4 1 

1 

4 

Trypsin 

I 

4 

4 


1 

4 

Pancreatin 

4 

4 

4 i 



4 

Pepsin .saliva 

8 9 j 

8-9 

8-9 

8-9 i 

I 

4 

4 

Pepsin dia.stase 

8-9 ! 

1 

8-9 

8-9 

8-9 

4 

4 

Lipase solution 

■■"'Nol 'j 

digested 1 

7Not 

digested 

NoT" 

digested 

No'r 
digested I 

"Not 

digested 

Not" 

digested 


As will be seen in Table 6, the Nissl’s bodies were found to resist 
pepsin and saliva, to be slowly digested by diastase- and easily by trypsin, 
panctase and pancreatin. The same relation was also found for the gly- 
cogen in the nerve cells. Furthermore, it was found that the degree of 
digestion of the glycogen was the same as that of the Nissl’s bodies; 
namely the degree of glycogen staining at fixed intervals during the 
digestive treatment showed a good agreement with that of the Nissl 
staining (Figs. 3-6). 

The glycogen in the pituitary body and the pineal body was easily 
digested by the action of saliva and diastase, the time required for the 
complete digestion being about 1 hours. This shows that the nature of 
glycogen in these tissues is the same as that of the glycogen in the liver 
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and in the His's bundle, but not the same as that of the glycogen in the 
nerve cells. 

Tanaka (1928-1929) stated that the glycogen in the nerve cells of 
vertebrates was digested by the action of saliva and diastase. Sato (1930) 
also found that the digestion was completed within 6 hours, being more 
rapid than the digestion of the glycogen in the liver cells. From the 
results obtained for the digestion of the glycogen in the nerve cells of 
the horse by the present author, however, it is noted that trypsin, panc- 
tase and pancreatin are digesting enzymes, but saliva and diastase and 
those with pepsin are not. 

Macallum (1898) and Scon' (1899) found the Nissi/s bodies resist 
peptic digestion, and are slowly digested by trypsin. This was partially 
confirmed by the present investigation of the nerve cells of the horse. 

At any rate, the digestion of both the Nissi/s bodies and the glycogtm 
granules in the nerve cells was completed in the mixture of three kinds of 
enzymes, proteolytic, amylolytic and lipolytic enzyme, suggesting that the 
Nissl's bodies at least contain three kinds of components, protein, glycogen 
and fatty substance. It seems to me that among these glycogen and 
protein are firmly bound with each other. To support the view just stated 
I noticed the following relations ; first, the digestion of glycogen was com- 
pleted by the same enzymes as those for the Nissl’s bodies; second, after 
the disappearance of the Nissl’s bodies by a digestive treatment or by 
a post-mortem autolysis no glycogen granules were found ; third, the Nissi.’s 
bodies were able to stain with Best’s carmin fluid by the method as al- 
ready mentioned, 

B. Result obtained for the presence of lipoid in the Nissl’s bodies. 

In the previous section it has already been suggested that the Nissl’s 
bodies or the glycogen granules may contain fatty substance from the 
fact that they are only digestible by enzymes which act as digesting en- 
zymes for protein, carbohydrate and fat. To obtain decisive evidences 
for the presence of the substance in these bodies or granules the following 
investigation was made. 

a. Action of lipase on Nissl’s bodies. 

As the first step of investigations concerning the reliable evidences for 
the presence of lipoid, the action of lipase for the Nissi/s bodies or the 
glycogen granules in the nerve cells was determined. The method was 
as follows : 5 parts of lipase .solution obtained from the seeds of Ricinus 
comnmnis by tfie method already mentioned were added to 95 parts of 
a known enzyme solution which does not act as a digesting enzyme for 
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the Nissl’s bodies. Sections from the materials fixed in aIcoho!>fonnaIiii 
saturated with sodium acetate were put into the solution just mentioned 
and after the fixed time the sections were used for the NissL staining 


Table 7. 

Digestive potoer of various enzyme solutions containing lipase 
for the Nissl's bodies and the glycogen granules. 


Enzyme solution 

pH 

I Time requirtnj for the complete digestion 

1 of Nmst/s bodies and of glycogen in hours 

Spinal cord 

Sympathetic ganglion 

Saliva (25%) 

Lipase solution 

6 7 

8-10 

8-10 

Jsaliva (12.5%) 

Lipase solution 

f>~7 i 

8—12 

10-12 

Diastase (1%; 

Lipase solution 

6 

3 

3 

Pepsin (1%) 

Lipase solution 

6 ! 

5-6 

5-6 

Saliva (12.5%) 

Pepsin (1%) 

Lipase solution 

6 

4 

4 

Diastase (1%) 

Pepsin (1%) 

Lipase solution 

6 

3-4 

4 

Lipase solution 

6 

Not digested 

Not digested 


Table 8. 

Digestive power of various enzyme solutions containing no lipase 
for the Nissl's bodies and the ^ycogen granules in the 
nerve cells preliminarily treated with lipase. 


Enzyme 

pH 

Time required lor the compkete digestion 
of Nf8SL*8 bodies and glycogen, in hours 

Spinal cord 

Sympathetic ganglion 

Saliva (,25 

7 

8 

8 

Saliva (12,5%) 


8 

8 

Diastase (1%) 

6 

2-3 

3 

Pepsin (1%) 

6 

3 

4 

Saliva (12.5%) ~ 

Pepsin (1%) 

6 

3 

4 

Saliva (12.5%) 
Diastase (1% ) 

7 

3 

3 

Diastase (1%) 

Pepsin (1%) 

6 

3 

3 
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aiid the glycogen staining. The following method was also employed : 
Sections were put into the buffer solution containing lipase alone for 1 
hour at 38°C. and then were subjected to digestion in various enzyme 
solution containing no lipase. Tbe results are given in Tables 7 and 8. 

It was found in the previous section that the Nissl’s bodies and the 
glycogen in the nerve cells were slowly digested by diastase, but not 
completely by saliva and not at all by pepsin. As will be seen in Table 
7, however, pepsin and diastase to each of which was added lipase were 
found to be greatly active; namely the digestion of the Nissl’s bodies 
and of the glycogen was completed within from 8 to 4 hours in the 
solution containing diastase and lipase, from 5 to 6 hours in that contain- 
ing pepsin and lipase and from 8 to 12 hours in saliva containing lipase. 
It seems to' me that since commercial diastase usually contains a trace 
of proteolytic enzyme, and pepsin a trace of amylolytic enzyme, they were 
made active by the addition of lipase so that the digestion of the Nissl’s 
bodies and the glycogen granules was easily performed, but since saliva 
contains almost no proteolytic enzyme, the digestive action of its mixture 
with lipase is very weak. 

As is shown in Table 8, the Nissl’s bodies and the glycogen glanules 
in the sections which were put into the lipase solution for 1 hour before 
use viere easily digested by diastase, pepsin and these combined with 
lipase, and slowly digested by saliva alone, showing that the fatty sub- 
stance contained in the Nissl’s bodies was decomposed by the action of 
lipase. 

At any rate, from the results above described it is noted that the 
Nissl’s bodies contain a fatty substance digestible by the action of lipase, 
besides protein and glycogen. The fatty substance in question just stated 
should be lipoid, insoluble in alcohol and ether, because the sections used 
in this digestive treatment were free from fat, the latter being dissolved 
in alcohol and in ether during preparation. 

b. Action of lipase on Nissl’s bodies fixed in Carngy’s fluid. 

To determine whether the lipoid contained in the Nissl’s bodies is 
soluble in chloroform or not the sections from the materials fixed in 
chlonrfbpa mixtures, such as Carnoy’s solution and that saturated with 
sodium acetate, were put into the various enzyme solutions containing no 
lipase, and after a fixed time the digestive power of these enzyme solu- 
tions for die Nissl’s bodies and the glycogen granules was determined 
by die sUimng method already mentioned. The results are given in 
Table 9. 
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The following treatment was also made for the same purpose : The 
sections from the materials fixed in ordinary solution (Toryu) were put 
into pure chloroform and incubated at 38“C. for 24 hours. After washing 
well in water, they were used for digestion in the same enzyme solutions 
as the above. The results are given in Table 10. 

Table 9. 

Digestive power of various enzymes for the NiSSfJs bodies and the 
glycogen in the nerve cells fixed in Carnoy's solution. 


Saliva 25'%^) 
Saliva (12. 5'..) 
Diofltaso (1:-*) 


Pepsin ( 

Saliva (12 5'v) 

Pepsin (1%) 

Saliva (12 5^. ) 
Diastase (J."o) 
i)iastuse 
Pepsin (j%) 


irne required for the complete digestion of 
Nissl’s bodies and Klyrogei u in hours 

Spinal .ord JuKiilar RanKlionj 


Table 10. 

Digestive power of various enzymes for the NlSSlfs bodies and the 
glycogen granules after treatment with chloroform. 


Lnr.yme Huai 


Saliva 

Saliva (12.5®^<) 
Diastase (l^o) 

Pepsin (\%) 

Saliva (l2.5?7) 
Diastase 
Saliva (12.5%) 

Pe psin ( 1 

Dias ase (1 ) 

Pepsin (1%) 


ime required tor the complete digestion o 
Hou rs 

Spinal cord Jugular ganglion 

8-10 8-12 8-10 



GLYCOGEN AND NfSSl/s BODIES 


15 


As has already been mentioned, diastase, pepsin, saliva and their 
mixtures do not act as digesting enzymes for the Nissl’s bodies and 
the glycogen within the nerve cells fixed in alcohol-formalin saturated 
with sodium acetate or with magnesium sulphate. As will be seen in 
Table 9, however, these act as digesting enzymes for the Nissl’s bodies 
and the glycogen granules in the nerve cells fixed in Carnoy’s solution, 
the time required for complete digestion being about 4 hours in 1 per 
cent solution of diastase and of pepsin, about 3 hours in 12.5 per cent 
saliva mixed with 1 per cent solution of pepsin or of diastase and 8 10 
hours in saliva containing no other enzymes. As will he seen in Table 
JO, almost similar results are also obtained from the ordinary sections 
treated with chloroform before use. These results show that the lipoid 
contained in the Nissi/s bodies was dissolved in chloroform, and accord- 
ingly the digestion of these bodies was complet'd without lipase. 

Kinoshita (1928) and Sato (1930) stated that after fixation in Car- 
noy's fluid the glycogen granules in the nerve cells were weakly .stained 
with Best’s carmin, agreeing with the result obtained for the nerve cells 
of the horse by the present author as has already been stated in the 
section “ Result Obtained for the Determination of Fixatives Tanaka 
(1929) also stated that the glycogen in the nerve cells of vertebrates fixed 
in Carnoy’s solution was almost unstained with Best’s carmin. Such 
disadvantage of glycogen staining seem to be related with the lack of 
lipoid in the Nissl’s bodies. To support the view just stated, 1 noticed 
that when these bodies contained lipoid an exellent result of glycogen 
staining was also obtained as has already been found in the materials 
fixed in the solution containing no chloroform, such as alcohol-formalin 
saturated with sodium acetate (Toryu) or with magnesium sulphate (Sato). 

c. Stain for lipoid. 

The presence of lipoid in the Nissl’s bodies was also determined by 
staining methods. Celloidin sections or frozen sections were obtained from 
the materials fixed in various solution and stained in a saturated solution 
of Sudan III in 65 per cent alcohol for 24 hours or longer, or in a 
saturated aqueous solution of Nile-blue sulphate for 12 hours. 

The nerve cells fixed in alcohol-formalin saturated with salts, such as 
sodium acetate and magnesium sulphate, and stained with Sudan 111 are 
filled with small lipoid granules, appearing deep brown. The form of these 
granules is almost the same in different varieties of nerve cells, and there- 
fore no morphological relation of them to the Nissl’s bodies is found. 
But lipoid is undoubtedly one of the Nissl’s bodies from the fact that 
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the digestion of th^e bodies was not completed, unless lipase is present 
as has been already stated. 

A reaction of Nile-blue sulphate for lipoid is also positive. In this 
case the lipoid granules appear bluish red. 

The nerve cells from the materials fixed in Carnoy’s solution and the 
cell's, fixed in ordinary solution and digested by lipase, are negatively 
stained with the stains above mentioned, showing that the lipoid contained 
in the Nissi/s bodies was dissolved in chloroform or decomposed by lipase. 

Thus it is noted that the Nissl’s bodies contain lipoid, insoluble in 
alcohol and ether, soluble in chloroform and digestible by lipase. It is 
considered, however, that the lipoid is not necessarily essential to the 
Nissl’s bodies, because after the lipoid was dissolved in chloroform or 
decomposed by the action of lipase the Nis.sl’ bodies were found to be 
deeply stained with methylene blue or with Best’s carmin fluid as has 
already been stated. 


SUMMARY 

The results obtained in this investigation may be summarized as follows : 

1. The nerve cells of procencephalon and diencephalon contain a small 
amount of glycogen, while those of mesencephalon, metencephalon, med- 
ulla oblongata, spinal cord and every peripheral ganglion contain a large 
amount of it. 

2. The nerve cells in the sympathetic ganglia contain a great amount 
of glycogen, while those in Auerbach’s and Meissner’s plexus contain 
but a very small amount of it. 

3. The form of the glycogen granules is quite constant for the dif- 
ferent varieties of nerve cells. Four types are found : A, motor cell type ; 
B, sensory cell type; C, ganglion cell type; wid D, Diffused type. 

4. Glycogen granules are to be found not only in the cell dody, but 
also for a distance in the dendrites. The only parts of tiie cell tha t are 
free from them are the neurite and its cone of origin. . 

5. For the digestion of glycogen in the nerve cells a harmonious 
cooperation of amyloly tic, • proteolytic and lipolytic enzyme was necessary. 
It was not completely digested by the action of saliva or diattaae alone. 

6. Glycogen in the nerve cells is contained in die Nissl’s bodies. 
The evidences are as follows : first, the Nissl’s bodies were found to stain 
with Best’s carmin fluid by the -method of the > present andior, as far as 
the Nissl staining is possible the glycogen granules of the same form 
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and arrangement as the Nissl’s bodies appearing ; second, when the Nissl’s 
bodies were digested by enzymes no glycogen was found. 

7. The Nissl’s bodies also contain lipoid. But the element is not 
essential to the Nissl's bodies, because after it was dissolved in chloro- 
form or digested by lipase the Nissl’s bodies were still found. 

8. The interstitial tissue of pineal body and the cells of anterior and 
middle lobes of pituitary body contain a great amount of glycogen. The 
nature of this glycogen is the same as that of the glycogen in the liver 
and His’s bundle. It was easily dige.sted by saliva and diastase. 

9. It was found that Carnoy’s solution is not applicable for the fixa- 
tion of the Nissl’s bodies and the glycogen granules in the nerve cells ; 
namely the lipoid contained in the Nissl’s bodies was dissolved in the 
solution, and also the glycogen granules weakly stained with Best’s car- 
min fluid. 

10. On the contrary, however, alcohol-formalin saturated with sodium 
acetate (Toryu) gave better results than the known fixatives ; namely, all 
the elements of the Nissl’s bodies were perfectly protected and therefore 
these bodies were deeply stained with methylene blue and with Best’s 
carmin fluid. 

Before leaving the subject, I wish to express my hearty thanks to Drs. 
S. Hatai and S. Nomura for their valuable suggestions and criticism 
throughout the entire course of this work. My thanks are also due to 
Drs. H. Iwata, K. Kikuchi and H. Tuge who helped me with much 
kindness during this work and to Mu. K. Chiba who helped me to take 
materials. 
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EXPLANATION OF PLATE I 

Fig. 1. Nissl’s bodies in the motor cell of the spinal cord. x650. (No Nissl’s bodies 
are seen in the neurite and its cone of origin.) 

Fig. 2. Glycogen in the same cell its the above. (The Ni8.si/s bodies were decolor- 
ized and then stained with Br8T*.s carmin fluid.) X650. (The form and ar- 
rangement of glycogen granules are the same as those of the Nisau’s bodies. 

The neurite and its cone of origin also contain no glycogen.) 

Fig. 3. Nissl’s bodies in the motor cell of the spinal cord after treatment with 23 
per cent, solution of pancreatin for 2 hours. x650. (N»bl*s bodies are half 
digested.) 

Fig. 4. Glycogen in the same cell as the above. x660. (Glycogen is also half 
digested.) 

Fig. 5. Nissl’s bodies in the motor cell of the spinal cord after digestion in 2,5 
per cent solution of pancreatin for 4 hours. X660. (Nisst’s bodies are com- 
pletely digested.) 

Fig. 6. Glycogen in the same cell as the above. X650. (Glycogen is also completely 
digested.) 




Y. Tokyit: Glycogen and Nissi/s Bodies. 
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INTRODUCTION 

The probieiR of medianiBim in the cbromatophores of teleoste has 
been ctadied by a vast numb^ ci investigators either to find out the 
bktk>gical signfficMice of celor change, or because of neurological interest 
in tiw m^ect. Most of die investigators have dealt with adult forms 
aknie. So there is a great lack of literature on die medianisms of the 
(AroBMkto^Mre dhange in developing fish in general. In view of the pre- 
.ieirt status ef our knowledge, therefore, it is essential, in order to secure 
a proper understanding and interpretation of die results obtained from 
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the investigation of adult forms on which our present knowledge is ex- 
clusively based, to study ihe nature of the chromatophores in embryonic 
and larval fish. 

It is generally accepted that, as first reported by Babak (’10) who 
worked with Mexican axolotl, the response in the melanophores of larvae 
is different from that which occurs in the adult in that in their very early 
stages their melanophore response depends exclusively upon the direct 
stimulation of their own cells, but in their later stages the reaction comes 
from indirect stimulation through the nervous system induced by impulses 
arising from the stimulation of the retinae. Babak refers this to the lack 
of the development of the eyes, or of the pigment controlling function of 
the retinae, in very young larvae. (See also Laurens, ’15, p. 592). He 
finds that in a very early stage the larvae are pale in complete darkness, 
but dark in bright light, while however in a later stage the reactions are 
quite the reverse, i. e., they are dark in complete darkness, and in bright 
light either pale or dark depending upon their backgrounds. Such melano- 
phore reactions brought about in the early stages are called the primary 
phase and those in the later stages the secondary phase. The view above 
outlined was greatly expanded by Laurens (’15) in his work on Ambly- 
stoma larvae and by Fischel (’20) in his investigations of various am- 
phibians. 

Recent investigation by Dtispiva (’31), working upon the two fish, 
Salmo salvelinus and Perea fluviatilis^ has confirmed this to be true in 
the embryonic and larval fish. More recently Tomita (’36), also working 
upon a number of fish larvae, reported results similar to that of DusPlVA. 
Such a conception, however, does not appear to hold for all the members 
of fish larvae since studied (cf. Trout by Lowe, ’17 ; Fundulus by Wvman, 
’24a and Gii^on, ’26 ; Cregonus fera and two species of Salmo by Becher, 
*29). Among these investigators, Becher reports that in the fish larvae 
on which he worked the earliest melanophore response observed was 
dependent upon the different environments to which the larvae were sub- 
jected, omitting thus the so-called primary phase in their melanophore 
reactions. The dogfish, an ovoviviparous fish, according to the investiga- 
tions of Parker (’36), yields a similar result to that found by Becher, 
there possibly occurring in the earliest stage a reaction identical with that 
in the adult, although this finding is contrary to that made by Tomita 
who worked with the three ovoviviparous tropical fish, Lebistes, Gambusia, 
and Xiphophorus. 

Special studies as to the effect of various drugs on the melanophores 
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of the developing fish have only occasionally been referred to in literature, 
but, in so far as the writer is aware, the papers of Lowe (’17), Wyman 
(’24 a) and Duspiva (’31) are the only ones to merit special attention. 
The attempt to find out what effect chemicals, notably alkaloids, have 
upon the larval melanophores in which development is taking place, just 
as many previous workers have discovered such effects upon adult forms, 
should not be without significance. 

In view of the lack of adequate knowledge as to the embryonic develop- 
ment of melanophores, the experiments here presented were undertaken 
in hopes of finding out whether any relation existed between the activities 
of both the visual and melanophoral systems in development, and of 
attempting, if possible, an analysis of the relation discovered. The present 
investigation was planned with a view to determining the reactions of the 
embryonic and larval melanophores by studying those normally developing, 
those in which the eyes and nervous system had been destroyed, and those 
treated with various chemicals, while exposing them to the conditions of 
light, darkness, and different backgrounds. It need also be said that the 
fish on which the writer experimented hatched out with a consideral)ly 
smaller number of melanophores and developed much more slowly than 
the other fishes studied by previous writers referred to, so that he had 
the advantage of observing them very thoroughly and accurately. 

MATERIAL AND METHODS 

In the experiments herein de.scribed the salmon, Oncorhynchus keta, 
was used^\ The observations were made upon the eggs and larvae of the 
salmon caught in the river Abukuma near Sendai during the months of 
October, November and December of 1935, and in December of 1936. 
As soon as possible the eggs of the salmon caught from the river were 
artificially fertilized at the hatchery situated near the? river. After this 
treatment the fertilized eggs were brought into the laboratory and allowed 
to develop in the specially libnstructed hatchery box through which running 
water was circulated. Other eggs too, which had developed to a certain 
degree at the hatchery, were brought in for use. 

For detecting the time of the first appearance of the melanin granules 
the developing eggs were examined under a binocular microscope from 
time to time after having been cut out of the shell. 

this paper the word ‘embryo’ refers to a developing fish which lives in the egg 
shell, but the word * larva ’ to the stage from the lime of hatching to the absorption of 
the yolk. 
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When used for experiments the embryos and larvae were maintained 
in glass vessels of different sizes, the outside of which had been painted 
either white or black. These vessels were placed, when required, in a 
box, one side of which was left open so that the interior could be illu* 
minated by an electric lamp, Mazda 100 watts, from a height of about 
90 cm. Other details of the experimentation will be described separately 
under each heading. 

DEVKKOPMENT OF EMBKYONIC AND IJVRVAL MELANOPHORES 

The development and distribution of the melanophores in this embryo 
are of interest since the melanin formation comes only in a very late 
embryonic stage in contrast with that of many other teleosts. After 
fertilization the embryo lives more than two months in the egg shell in 
the embryonic stage. Although the embryo in the shell cannot be clearly 
seen from without, melanin granules begin to appear in the head region 
about 10 days before hatching. Thus the time of the first appearance of 
melanin granules can be said be nearly two months after fertilization, 
although this is dependent upon the temperature of the water. For ex- 
ample, a number of eggs, obtained by stripping from a female, were 
artificially fertilized on November 19, 1935, and were allowed to develc^ 
in the laboratory in a developing box with running water. The larvae 
in this lot began to hatch between February 10 and 20, 1936, at a tem- 
perature of 10“ to 4’C. While developing the egg shells were explored 
from time to lime, and it was found that a very small number of melanin 
granules could at first be seen in the region of the head on February 3, 
lying mostly over the brain, and were found scattered also in the region 
of the neck on February 8. The embryos of this age could be kept alive 
in a dish after removal from the egg shell. 

At the time of hatching the larvae measure from 18 to 20 mm. in 
body length, the caudal fin excluded. UsuaMp they bear a number of 
melanophores distributed in the head region, while a smaller number are 
found greatly diffused over the trunk and caudal regions, and in a slightly 
advanced form a still smaller number are seen in the caudal fin, but none 
are present in the yolk sac. At this advanced stage they may be divided 
into two types : one a very large type lying over the brain, the other a 
smaller type distributed within the trunk region, as noted by Gilson (’2j5) 
in his work on Fundultis embryo. The melano|4io>res in this fish appear 
to develop in a cephalocaudal progressioft. Accp^uii^y in this specimen 
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it IS possible to trace and study the development of the melanophores 
after its larval stage has set in. 

At the time of hatching the melanophores are all slightly expanded 
normally. As time goes on, that is, within 10 days after hatching, the 
melafiophores spread more and more over the whole body including the 
caudal fin. 

In the present specimens it takes about 50 days from the time of 
hatching to the absorption of the yolk sac. For the sake of convenience, 
the relation between the body length and the days after hatching are 
shown in the following table, though since the temperature of the water 
was not regulated in the present experiments, — it ranged from 5"* to 12"C., 
— we will merely indicate the ages of the larvae which are dealt with in 
the text. 


Table 1. 

Showing the relation between the body length and the days 
after hatching (Oncorhynchus keta). 


Days after 
hatching 

Hatching 

5 days 

1 

1 10 days 

20 days 

30 day.s 

40 day.s 

50 days 
Cyolk almost 
absorbed ) 

Body 

length (mm.) 

19—20 

21—22 

I 22.. 5— 2.*) 

26—26.5 

27.5—28 

29 30 

31 32 


The above data were obtained from the larvae hatched on April 1, 1936. The 
temperature of the water ranged from 8"^ to 12®C. In this batch there were found 
several larvae the yolks of which were completely absorbed by May 12. 1936. 


REACTIONS OF THK MELANOPHORES TO CHANGES IN ENVIRONMENT 

In studying the melanophore reaction of young fish it is of prime 
importance to determine whether or not the larvae react in the same 
manner as the adult to changes in environment, or rather, whether the 
young melanophores function from the beginning in adapting themselves 
to dieir environment. It is known that in the case of a certain two 
phases are present in mdanophore reaction in the larval stage. (These 
phases ore described in the above introductory note). 

Now the ktrvae cxperimeiWed upon immediately after hatching were 
placed in groups of ten in a vessd, some in a completely dark room, 
some in an Rhiniinatad biack-woUed vessel^ and some in an illuminated 
nhile veMel respectiveiy, and «nre left there during the time necessary 
fer ohserratkni. M i cw w oepic observations wore made once or twice a 
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day. Care was taken to inspect the state of the melanophores as quickly 
as possible before their shape could change. 

Some of those which were placed in complete darkness from the time 
of hatching tended to have slightly expanded melanophores, continuing 
thus in a slightly expanded condition for several days, but others did not 
show any change from the condition in which they were when they were 
first taken from the trough (p. 39). Daily inspection of those which 
remained in complete darkness showed however that this slightly expanded 
condition lasted for nearly three weeks. When they had attained a length 
of about 27 mm. (see Table 1), the larvae became lighter in color. As 
development advanced, they became extremely pale and almost all of the 
mtdanophores became concentrated. Such a condition persisted until after 
the yolk was completely absorbed. Such experiments were made upon a 
number of larvae taken from different batches, but with similar results. 

A similar test, which yielded the same results, was made in which the 
larvae of an early stage, whose melanophores had been contracted by 
subjection to light, were put in complete darkness. It was found that 
the melanophores returned to a slightly expanded condition, which is 
always the normal condition of the larvae at about this stage. As develop- 
ment advanced, the melanophores of those which were still in complete 
darkness became gradually contracted. We found that such a tran.sition 
from an expanded to a contracted condition, when we measured a number 
of specimens similarly treated, occurred about 20 days after the time of 
hatching, the body length at the time being about 27 mm., which accords 
with the table given above. If older larvae, either pale or dark in color, 
with a body length of more than 27 mm., which had not been placed in 
complete darkness, were now placed in complete darkness, they remained 
in, or turned to a pale condition, irrespective of their previous tints. 
Such color changes in the older larvae generally occurred between one 
and two days after they had been placed in complete darkness. Thus 
the change to a slightly expanded condition in complete darkness which 
the larvae undergo which are le.ss than 20 days old and pale in color 
should not necessarily be attributed to the stimulation of darkness, but 
rather to the fact that these young larvae had not been subjected to 
illumination when they were placed in complete darkness, in which a 
slightly expanded condition would be normal. 

When newly hatched larvae were placed in an illuminated black-walled 
ves.sel, their melanophores did not undergo any definite changes for several 
days. In young larvae from 10 to 15 days old the melanophores in the 
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tail region and the caudal fin appeared to be somewhat contracted, but 
most of those in the head remained slightly expanded. In the region of 
the trunk, however, no definite change was observed. In larvae which 
were more than about three weeks old the melanophores of the whole 
body became expanded. This occurred several hours after they had been 
placed in the vessel. 

Again, larvae of different ages were put in an illuminated white-walled 
vessel. Although the time of response to such an environment was not 
definitely determined, the melanophores became contracted within several 
hours. Even at the time of hatching there was indication that a concen- 
tration of the melanophores was taking place. Embryos about to be 
hatched, in which a few melanophore cells were formed, were taken out 
of the egg shell and treated in the same way as the above. The reaction 
of the embryonic melanophores to light was essentially the same as that 
of the melanophores of the larval stage, in that the melanophores became 
concentrated in a few hours. 

In so far as the above observation goes, the melanophore reactions 
to color environment indicate that in their very early stages the larvae 
do not react to darkness, while in the later stages they actively contract 
their melanophores. 


EXPERIMENTS UPON BUNDED FISH 

One or both eyes of the larvae at the time of hatching were removed 
by means of electro-cautery under chloretone anesthesia. The eyeless 
larvae were examined to ascertain whether or not any color changes 
would take place under varying environment. They were compared from 
time to time with larvae intact, both of which were placed in the same 
vessel. The vessels used were illuminated, black-walled and white-walled. 
Other larvae were placed in complete darkness and in dim light. During 
the first day after the operation there was no difference between the 
blinded and the unimpaired larvae that was recognizable. From the 
following day on, however, the blinded fish were found to have much more 
greatly expanded melanophores than those that were intact, the latter of 
which had been treated normally in dim diffused light. As the melano- 
phores in the body surface increase in number, the tint assumed in the 
blinded larvae became a deep black, so that they were easily distinguish- 
able from die unimpaired larvae. 

Certain of the blinded larvae were placed in illuminated, white-walled 
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and black-walled ve^^sels. The daric tint induced by enucleation remained 
unchanged in an illuminated vessel with white walls as well as in that 
with black walls, if the larvae were, say, less than 20 to 25 days old. 
This was the case also when they were placed in complete darkness. As 
for older larvae with enucleated eyes, there was not sufficient material to 
allow this test to be made, because death occurred generally within 20 
days after operation. However, in the case of one 30-day larva from 
which both eyes had been removed 30 days previously and which con- 
tinued to live, no apparent change was observed when it was placed in 
an illuminated black-walled vessel. After the above test was finished, the 
same specimen was placed in an illuminated white-walled vessel for 48 
hours with the result that there seemed to be a slight tendency to paling. 
When it was placed in complete darkness, there seemed to be a few more 
contracted melanophores in comparison with larvae under normal condi- 
tions, although the fish was still invariably dark in color. 

The one-eyed younger larvae presented a somewhat irregular picture 
of the melanophores, some of them expanding, others remaining unchanged, 
but that they were darker in tint than those intact of the same age was 
not apparent. As development advanced, however, they seemed to assume 
under a dim diffused light a tint of a little darker shade than the control. 
When they were placed in an illuminated white-walled vessel, the melano- 
phores tended to become concentrated possibly to a smaller degree than 
the normal larvae in the same vessel. However, in cases where they were 
placed in an illuminated black-walled vessel, the larvae with one eye 
behaved quite similarly to those that were normal. 

EXPERIMENTS UPON LARVAE WITH A DENERVATED 
AREA OF THE FIN 

Wyman (’24) found that in FunduLus^ if a small -cut were made trans- 
verse to the rays of the caudal fin, the cut gave rise to a dark band, 
extending from the cut to the posterior end of the fin. This method of 
studying the mechanism of melanophore changes has been used«since by 
a number of investigators who have worked upon adult fish, but much 
less attention has been paid to its application to larval forms. 

In the present experiments, operation under chloreione anesthesia was 
made upon the caudal fin of older larvae by means of a small pointed 
knife. In this way a denervated area was obtained in whkdi theta wai 
very little interference with the blood circulation. After recovery fwm 
the anesthesia, that is, from one to two hours later, the mifaciopliora 
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orils in the denervated area were found to he very widely dispersed, 
causing (he so-called dark band to appear. In spite of its very wide 
dispersion each color cell seemed to assume a faintly dark coloration. 
There were very few exceptions, however, in which no dark band was 
noticeable. 

The behavior of such a denervated area in the course of time was 
not without interest. In dim diffused light the denervated area was in 
striking contrast with the area intact, the dispersion continuing usually 2 
to 3 days after the operation, and then the degree of dispersion decrea'^ed 
until after a week or so it reached a condition quite indistinguishable 
from that of a normal area. According to our records the mo^t rapid 
recovery of a denervated area to a condition similar to that of an intact 
area took about 30 hours after operation ; some areas persisted at the 
longest 9 days after operation in a slightly dispersed condition. 

The larvae whose fins had been cut were experimented upon by trans- 
ferring them from normal environment to both white-walled and black- 
walled vessels, and to a completely dark situation, and vice versa, the 
days or intervals after operation being recorded. 

Generally speaking, although the results obtained were by no means 
clear-cut, they were as follows. If larvae with dark bands arc placed in 
an illuminated black-walled vessel, the tint of the body as a whole becomes 
dark, for the change does not take place only in the denervated area if 
such a treatment in dark background is made within a very few days 
after denervation. In most cases, however, in which such a treatment is 
made about 7 days after denervation, that is, at about the time when 
the initial dark band almost fades out, the denervated band remains rather 
pale while the rest of the body is dark. Such a pale band standing out 
in the fin may assume a dark tint like that of the rest of the body, if 
its exposure to a dark background is greatly extended. If larvae with a 
dark band are put in an illuminated white-walled vessel, the band tends 
to become like the rest of the body, though it takes much more time for 
H to turn into a pale condition. But as time passes, the time required 
for the tint of the band to change decreases considerably, and finally, as 
would be expected, die difference between the color of the band and that 
of the rest of die body is not discernible when they are exposed to this 
beokgrouiid. A stnttlar conditioa is found when larvae with denervated 
hands are put in complete darkness. Usually, at least a few days after 
the fin-outting^ die denervated band remains dark in complete darkness, 
dm renniiider of die body being pale. Some time later, however, the 
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band becomes as pale as the general body surface. The experiments on 
the larvae of Oncorhynchus described above appear to yield results similar 
to those of Parker (’34 b) which he obtained from his experiments on 
adult Fundulus. 

It must be noted, however, that there were a certain number of cases 
in which the above statement would not hold true. Particularly in cases 
when similar experiments were made on larvae younger than 20 days, the 
results were much more irregular. The reason why such irregular results 
often ensued might be explained partly by the fact that the extent of 
destruction produced by the initial cutting was not uniform and partly by 
the fact that the physiological states at different times after the cutting 
varied greatly in individuals. Therefore it is reasonable to think that 
there are factors acting independently other than those of light, darkness 
and background.s. Hence the conclusion as to the effects of such environ- 
ments upon a dcnervaied band must wait until thorough analysis of the 
factors can be made. Experiments as to how such a denervated band 
behaves when subjected to the use of various drugs will be described in 
the following pages. 

ACTION OF OXYGEN AND CARBON DIOXIDE ON MELANOPHORES 

It is known, though vaguely, that the oxygen content and CO 9 dissolved 
in the medium in which fishes live have some effect upon the chromato- 
phore changes (Speath, ’13; Lowe, ’17). In this study our hope was to 
investigate to what extent the melanophores are related to, or controlled 
by the contents of oxygen and CO 3 dissolved, and furthermore whether 
they act upon the melanophore nerves or upon the melanophore cells 
themselves. Two groups of newly hatched and seven-day larvae respec- 
tively were placed in a vessel with a volume of 8.5 cc, which was filled 
with tap water and tightly covered. The melanophores of all the larvae 
contracted fully attaining a state of maximum concentration within 25 to 
40 minutes. This process of concentration, however, was a gradual one. 
It was found to be true also with older larvae whose yolk had been 
completely absorbed. When after this procedure a complete pallor ensued, 
some of the larvae continued breathing, but the others did not. All of 
them, however, showed irregular heart beating. When they were trans- 
ferred to tap water in a place devoid of illumination, they gradually 
returned to a moderately dark tint. 

As the above preliminary test shows, it was desirable to find out 
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whether the oxygen depression acts directly upon the melanophore cells 
in producing the pallor or only upon the nerve structures concerned as 
such, and conversely, whether the CO^ accumulation is responsible for 
acting directly upon the melanophore cells or merely upon the nerve 
structures. 

F()r determining the effect of CO 2 on the melanophores, carbon dioxide 
which had been generated into boiled tap water was used. CO 2 was 
produced by the reaction of hydrochloric acid on marbles and the COo 
gas obtained was washed by passing it through bicarbonate soda. The 
pH value of the CO 2 saturated water prepared by this procedure is 4.2. 
For this experiment were used the vessels holding 70 cc. The pH value 
of the tap water used is 6.9. Various solutions were prepared by adding 


tap water to the COj saturated 

water as follows : 


CO- saturaUnl wator 

Tap water 

pH 

50 cc 

50 CC 

4.6 

33.3 CC 

66.7 cc 

4.8 

25 cc 

75 cc 

1.9 


The COo saturated solution was found to anesthetize the gill movement 
immediately after immersion, and the heart beat stopped in one to three 
minutes. In most instances there W(*re no reactions of the melanophores 
at the time the heart beat stopped, but in a very few there could be 
seen a tendency to contract although this was possibly not due to the 
action of carbon dioxide. 

The second solution (50 cc of CO 2 saturated solution to 50 cc of tap 
water) : In 5 to 7 minutes this solution caused the gill movement to stop 
and made the heart beat very slow and irregular. The melanophores, 
however, tended to contract to a very slight degree. Twenty minutes 
later it stopped the heart heat and caused a complete concentration of 
the melanophores in the caudal fm. However, the melanophores in the 
trunk and head contracted only to a very slight degree. 

The third solution (33.3 cc of CO» saturated solution to 66.7 cc of tap 
water) : In about 8 minutes the gill movement became weakened but 
the heart beat remained apparently unaffected. The concentration of the 
melanophores in the tail region was marked although it was unnoticeable 
in the regions of the trunk and head. Twelve minutes later in most 
instances the gill movement was paralyzed. The heart heat did not stop 
as yet, although the rate of the beat fell off considerably accompanied 
by a very irregular rhythm. The tail region became completely pale. 
The melanophores in the regions of the trunk and head were contracted 
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a great deal in some cases, only moderately in others. Twenty mintiteB 
later no marked advancement in the concentration of the rndbuH^hores 
was found. In some specimens the heart beat was completely arrested. 
After an hour or more no remarkable change was noted. 

The fourth solution (25 cc of CO^ saturated solution to 75cc of tap 
water) : The result was almost the same as in the third solution. After 
seventy minutes the gill movement was completely paralyzed, but the heart 
beat did not stop. 

These results seem to indicate that the oxygen deficiency is a primary 
factor in producing the concentration of the melanophores and that the 
CO 2 accumulation in the medium does not presumably affect the melano- 
phore reactions. To make this point certain another set of experin ants 
was conducted in the following manner. An oxygenated solution freed 
from COa was prepared by passing it through oxygen gas into boiled tap 
water for 15 hours or more. Three sets of vessels each holding 70 cc 
were prepared as follows: (1) one with a tight cover was filled with 
oxygenated water ; (11) the second also with a tight cover with tap water 
alone; and'^(in) the third with tap water but without any cover. Five 
fish 21 days old were placed in each vessel under a dim light, bright 
illumination being avoided in order to keep the condition originally assumed, 
so that the fish might be able to persist in a moderately dark coloration. 
One of the typical examples out of several experiments is shown in Table 2. 

Similar experiments to the above were carried out with the use of 
either older or younger larvae than those used in Table 2. The results 
thus obtained were in the main the same as those above, indicating that 
the melanophores of the fish which were immersed in an oxygenated 
solution remained unchanged from 4 to 5 times as long as those in the 
tap water. 

Test was made also with the same procedure to see how a denervat^ 
area would respond to such an environment. Oxygen deficiency caused 
the dark band to become pale, but usually it took much more time for 
the denervated area to become pale than the parts intact. Whether this 
was due to the blood circulation being modified by operation or due to 
other factors involved has not yet been determined. But it may be said 
that as a rule the reactivity to oxygen deficiency in bringing about the 
concentration of the melanophores is much greater and more rapid in Ae 
younger than in the older larvae. 

Speath (13) called attention to the fact that the absence of oxygen 
caused a contraction of the melanophores of the isolated scales not as a 
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Table 2. 

Showing a relation between the melanophore change 
and oxygen deficiency. 



I 


II 


Ill 

Time in 
hours 

pH 

Melanophore 

condition 

Remarks 

pH 

Melanophore 

condition 

Remarks 

Melanophore 

condition 

A>lf~5 

6.9 

No change. 
Moderately 
dark includ- 
ing the fin. 

Heart-beat 
and gill 
movement 
normal. 

6.9 

Tail com- 
pletely pale. 
Body and 
head moder- 
ately pale. 

Gill move- 
ment rapid. 
Heart-beal 
normal. 

No change. 
Moderately 
dark. 



No change. 
Moderately 
dark. 



Whole body 
very pale. 

j 

•• 

9-9V« 

1 

6.4 J 

j 

i 

No change. 

1 


j 

5.8-' 

5.6 

Complete 

paling. 

Gill move- 1 
ment almost 
stopped. 
Heart-bf‘at 
weakened. ! 

•• 

11 

6.0- 

5.8 

Slightly 

contracting. 

Heart-beat 
and gill 
movement 
still normal. 

1 


1 

1 

1 

1 

1 

1 

•• 

13 

6.6- ! 
5.4 

Tail com- 
pletely pale. 
Head and 
trunk very 
pale. 

Gill move- 
ment rapid. 
Irregular 
heart-l^eat. 



1 

i 

1 

M*/a 

6.4 

G>mplete 
paling of the 
whole body. 

Gill move- 
ment almost 
stopped. 

Still heart 
faintly beat- 
ing. 

) 


'1 

i! 

i 

1 

! 


The above experiment was started at 10:10 a. m. and completed at 2:50 a. m. 

on the following day, I .... oxygenated water with a light cover; 11 tap water 

alone with a tight cover; HI tap water without any cover. Further explanation 

in text. 

tpee^ expanding stimulus but as a passive influence. Lowe (’17) found 
tiiat “oxygen is necessary for the maintenance of the expansion of the 
mdbnophores and that “carbon dioxide produces a contraction of the 
pil^ent cdls “ in living trout embryos. From Lowe’s statement it is not 
dear how much of the contraction of the mdanophores is due to the 
action carbon dioxide itself. According to our own results, carbon 
dioxide ksdl does not act upon the melanophores in producing the con- 
traction, if enough oxygen be present in the solution in which the animal 
k- Hmnwpsed. Without doubt therefore it is only the depression of oxygen 
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that causes such a contraction of the inelanophores. It may be concluded 
furthermore that even in the living fish the action of oxygen on the 
melanophores is passive, as Speath demonstrated in his experiments on 
isolated scales. 

ACTION OF VARIOUS DRUGS ON MELANOPHORES 

1, Chloreione. The larvae of various ages from the time of hatching 

to 40 days were immersed in different concentrations of chloretone (0.2 ; 

0.1 ; 0.04?/^ ; 0.02®^). The reactions of the melanophores were 

always expansive no matter what the ages of the larvae tested. With 
the stronger concentration of 0.1%, expansive reaction resulted uniformly 
throughout the whole body. On the contrary, with the weaker concen- 
trations the reaction was somewhat irregular, particularly in younger larvae. 
Although the melanophores in the head and trunk region became expanded 
without exception, these in the caudal fin did not undergo such a change 
in certain cases observed. Irregular reactions to chloretone in cases where 
weaker concentrations wore used seem to show that chloretone would not 
have any specific effect upon the melanophore cells. 

40-day larvae with denervated areas in the caudal fin, which had been 
produced 5 days previously, were placed in a 0.05% solution. The melano- 
phores of the denervated areas became concentrated, while those of the 
intact parts of the fin and the trunk region became expanded, or other- 
wise remained unaffected. This test was also made with 35-day larvae, 
whose denervated areas had been prepared 2 to 3 days previously, with 
similar results. 

From what has been mentioned above, it seems evident that chloretone 
acts through the nervous system as a paralytic agent so as to cause an 
expansion of the melanophores. Therefore, this drug may have no direct 
effect upon the melanophores. Wyman (*24a) found’ that in Fundulus 
chloretone causes an expansion of the melanophores of the larval form, 
but does not have any effect on the embryonic melanophores. 

2. Ether, 1.0%, 1.5%, 2.0%, and 2.5% solutions of ether were used. 
The immersion of newly hatched larvae in the above solutions resulted in 
the concentration of their melanophores in a few minutes. 2-, 5-, 20-, 27-, 
and 30-day larvae were also immersed in ether solutions with similar 
results. Throughout the experiments performed with ether solutions, 
however, the melanophore reaction was most prominent and rapid in the 
head and caudal fin, but in the trunk region such reaction was a little 
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hMB RotioeaUe-tban in the parts meattooed above and frequently almost 
w> reaction was observed. It was found diat ethm* causes an expansion 
of the melanophores in the denervated area of the caudal fin as well.. It 
may be epncloded therefore diat the mdanopfaore response to ether is to 
mcpand, dds being .due to the paralysis of the related structures. Simi- 
larly, WvMAM (’24 a) found an expanding reaction to ether in the larval 
melanophores of Fundulus: 

$. Cocain. The larvae at the time of hatching were placed in 0.5^ 
and 0.(^9^ solutions of oocain which tended to cause a concentration of 
the melanophores. In the younger larvae of various ages examined, the 
mdanophores in the trunk and caudal fin were first affected after several 
minutes of immersion, and then the head. In some cases the melano- 
phores in the head seemed to be hardly affected at all. The older larvae 
(30-, 35-day old) treated in the above manner showed that cocain had a 
much smaller effect upon them than upon the younger larvae and that 
k> a 0.6^ solution the melanophores in the trunk region alone contracted 
rapidly, while those in the head and caudal fin, remained unchanged even 
when the gill movement had been completely paralyzed. In general, 
throughout all the stages of the larvae, however, a much quicker reaction 
resulted in the contraction of the melanophores when they were immersed 
in a than in a 0.05^ solution. 

Von Fritsch (’ll) found that cocain had a concentrating effect upon 
the melanophores in the minnow and Camssius, and that this concentra- 
tion came through the medium of the central nervous system but not 
through that of the sympathetic system. Wyman (’24 a), working upon 
the Fundulus embryos, states that cocain causes a primary concentration 
of ibe meianophore cells, which is soon followed by an expansion of the 
cells. In this he is in agreement with the findings of Lowe (’17) in 
regard to trout embryos. Lowe suggests that such action is due to affec- 
tkm of the nerve endings of the pigment cell. 

The writer has failed to confirm this findings of Lowe and Wyman 
in Ibat he has found that cocain acts first in a concentration of the cells, 
which is Uien followed by expansion due to paralysis of the cells setting 
in. ' His own results, however, indicate that cocain has no definite effect 
on the melanophores in parts other than the trunk region and that no 
paralytic expaniion follows a lapse of time. 

4. Strfidmine. The larvae of various ages, newly hatched, 7-, 12-^ 
34-, suid *42 h1i^ larvae, were immersed in 0.05^6 and OJ005% strychnine 
atdtfiioas, In several minutes the 0.00594 solution Of atrydmine caused 
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• gr6at^(M* coitiptete ooncentr^ion of t|io mdanophor^, notwitljrtaiid* 
Itig the gill : nioveinent I reniained upalfected for 5 JH>urs more^ In a 
0^0696 soluti^ii paraly&is of the. gill movement ocdirred in about 10 fninutos 
after immersion. In a few : minutes this solution caused a complete con- 
cei^tration of the melanophores. 30 to 60 minutes later the larva^o were 
replaced in tap water with their melanophores concentrated. 5 hours 
later, even when the larvae were immersed in a 0.005 9^ solution, no 
ig>parent paralytic expansion of the melanophores followed by a primary 
concentration, such as Lowe (’17) and Wyman (’24 a) described, was 
produced. 

It was found that strychnine acts upon the younger larvae much more 
vigorously than upon the older larvae, and that it has only a slightly 
smaller effect on the melanophores in the head region than on those in 
the other portions of the body. 

6. Nicotin. When the oldest larvae (45-day) were immersed in a 
0.04 9^ solution rpf nicotin, the gill movement stopped in from one to two 
minutes. It however was found, to have no effect on the melanophores. 
Immediately after the younger larvae such as those just hatched or such 
as were 10-days old were immersed in the same strength of solution the 
melanophores contracted. Such a contraction of the cells occurred before 
the gill movement stopped but the heart continued to beat. Following 
the contraction of the cells, possibly in 7 to 10 minutes, they began to 
expand gradually, with the exception of those in the trunk region. Even 
after two hours the melanophores in the head and caudal fin remained 
expanded, although in the trunk region some were only slightly expanded, 
the others somewhat contracted. When the larvae treated above were 
replaced in tap water, they were all still alive. 

The melanophores of the young larvae when immersed in a 0.Ql9^ 
solution of nicotin began to contract and in a few minutes assumed a 
state of complete contraction. The melanophores in the caudal fin appeared 
to be the ones most rapidly and prominently affected. After one hour or 
so the contracted melanophores tended tp expwd again. But eyen 2 hours 
later, they had not expanded fully. Such a process pf expansion conti- 
nued for 5 hours without being completed. This same solution had no 
effect on the melanophores of the older larvae, .except that in the caudgl 
fin only a slight contraction of the cells wasproduoedi After 15 minutes 
those contracted melanophores in caudal fin began to expand agaip, 
bpt still no change was diicit^ in the bead, and trunk regions. These 
re^oaimed unchanged Jbr several hoturs. 
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Again the larvae of various ages were immersed in a 0.005^ solution 
of nicotin. The' melanophores of the younger larvae began to contract 
immediately, and remained completely contracted for 3 hours or more. 
After this they gradually expanded, and most of them died In a state of 
expansion about 10 . hours after immersion. In the older larvae the solu- 
tion had no effect on the melanophores, although in a very few cases 
there occurred a very slight contraction of the melanophores, which was 
followed by a slight expansion, resulting in a return to the original colora- 
tion. 

The results recorded above show that nicotin causes a primary contrac- 
tion of the cells and then a secondary paralytic expansion, the time neces- 
sary to bring about such a paralysis depending upon the strength of the 
concentration of the solution. Lowe (’17) stated that in the trout embryos 
the action of nicotin was on the sympathetic system of the pigment cells, 
for a primary contraction of the cells was followed by a paralytic expan- 
sion. The writer’s own results seem to be in agreement with that of Lowe. 

6. Adrenalin. Embryos in which the melanin granules began to ap- 
pear were taken out of the shell and immersed in adrenalin solution 
(Sankyo Company’s preparations), 1 : 10,000 and 1 : 100,000. Such em- 
bryos, the melanophores of which had just begun to appear on the head, 
reacted by complete concentration within several minutes. Larvae at the 
time of hatching were treated with adrenalin solutions of various concen- 
trations, 1 : 10,000, 1 : 100,000 and 1 : 1 50,000. Shortly after they had 
been placed in 1 : 10,000 and 1 : 100,000 solutions, the melanophores began 
to contract uniformly all over the body. In the 1 : 150,000 solution con- 
traction of the cells situated in the tail region and the caudal fin took 
place in several minutes, but in the head and trunk regions they appeared 
to be affected much more slowly, no complete contraction of the melano- 
phores being evident. 

Younger (10-day) and older (35-, 40-day) larvae were also immersed 
in aBrenalin solutions prepared as above, with almost the same results as 
those obtained with the newly hatched larvae. Especially, when the older 
larvae were treated with the 1 : 150,000 or weaker concentrations of ad- 
renalin, the melanophores in the head and trunk regions were affected- 
gradually but te.^^regular extent, while, on the contrary, in the caudal 
fin there occurred a complete contraction of the melanophores! Althou^ 
adranalin acts upon the melanophores as a contractile force no matter 
what the age of die larvae may be, it should be said that the youngeft* 
the larvae and the stronger the solutions used, a Much quicker and denr- 
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cut reaction ensues. 

Dark-tinted larvae were injected with 0.1 to 0.2 cc of adrenalin chloride, 
one part to 10,000 of water. In a very few minutes they became com- 
pletely pale. The pale condition continued for more than four hours after 
injection. Using one part to 50,000 of water, complete paling also occur- 
red but the persistence of such a condition appeared to be somewhat of 
shorter duration than when the stronger solution was used, say, nearly 
three hours. In a similar manner a number of dark-tinted larvae were 
injected in concentrations of one part to 100,000 and one part to 500,000. 
The melanophores in the head and caudal fin came to be fully concen- 
trated in several minutes, but in the trunk region some did not contract 
so well. After one to two hours all of them assumed a moderately dark 
coloration again. In much more diluted concentrations of adrenalin solu- 
tion the results were not decisive at all, though some slight tendency to 
cause a pallor could be seen even with injections of one part to 1 , 000,000 
of water. 

Older larvae with dark bands in their caudal fins, produced by the 
cutting of their rays, were injected with the various solutions of 0.1 to 
0.2 cc of adrenalin mentioned above. Such dark bands responded in a 
similar manner to the intact portions of the body. So we might say that, 
all of the melanophores became uniformly concentrated. (See p. 41). 

7. Acetylcholine. Fifteen- and forty-day larvae were immersed in 
0.05^^, 0.005 9 ^ and 0.0005 9 ^ solutions of acetylcholine chloride (Schering- 
Kaklbaum Company’s preparations) for two and a half hours, with no 
results. In younger larvae, however, the melanophores in the trunk region 
alone appeared to expand very slightly irrespective of the backgrounds 
to which they were subjected. The larvae at the time of hatching were 
immersed in acetylcholine of the varying strengths mentioned above, and 
in no case did the solutions cause any appreciable change in the melano- 
phores. 

The body cavity of thirty- and forty-day larvae were injected with a 
0.2 cc of 0.06 9 ^ solution. In several minutes the melanophores tended 
to expand. However, after this the results became irregular and in most 
cases the larvae treated died. The same experiment was repeated several 
times with no confirmative results. Injection of a O.OO 696 'Solution ef 
acetylcholine, however, caused the darkening of all the qiecimens treated 
in 10 to 20 minutes. The darkening started ;first in the head, and finally 
included the trunk and the caudal fin. In -most cases this dark state 
lasted nearly seven hours after injection. When a solution wa# 
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injected, the results were somewhat irregular, although there seemed to 
be a tendency to darken slightly. Such a slight darkening, if present, 
appeared to fade out rather quickly. (See pp. 41-42). 

8. PUuitrin. Contracted melanophores of 1 .> and 40-day larvae were 
exposed to 1 ?^, 0.1 9 ^ and 0.01 9 ^ pituitrin solutions (Parke, Davis Com- 
pany’s preparations). A very slow e.\pan 8 ion of the melanophores occurred. 
After one hour and a half all the melanophores expanded to a greater 
degree, but those in the caudal fin revealed but a very slight expansion. 
After eight hours or so the expanded melanophores began to contract 
again. In the newly hatched larvae this expansion of the melanophores 
was much more rapid. The melanophores in the caudal fin, however, 
appeared rather to contract. Experiments on a number of larvae of 
varying ages seem to show that pituitrin acts upon the larval melano- 
phores by way of inhibiting the lo.ss of color and later causing the paling 
of the once expanded melanophores. 

When a 0.2 cc of 0.01 "/o solution of pituitrin was injected hypodermic- 
ally, the contracted melanophores of the older larvae began to <‘xpand in 
several minutes. The head and the trunk regions were the first to darken 
and a little later the caudal fin was similarly affected, though not very 
prominently. Darkening of the head and trunk regions reached a maxi- 
mum in 10 to 15 minutes. It was proved that in the case of injection 
the melanophores in the caudal fin were affected just as slightly as when 
they were placed in the solution itself. In most cases the darkening lasted 
more than five hours. A certain number of the larvae died in the dark- 
ened state. Injection of a 0 . 0019 ^ solution was performed with similar 
results, without, however, having very noticeable effects. (See p. 42). 

9. Thyroideutn. The larvae of different ages from the time of hat- 
ching to 40 days were immersed in 0 . 1 9 ^ and 0 . 01 9 'o solutions of thyroi- 
deum (Thyroideum siccum ; Parke, Davis Company’s preparations). In 
no case did it cause any well-defined change of the melanophores, even 
after several hours of immersion. 

Injection of 0.059^ and 0.0059^ solutions of thyroideum did not have 
4 ny effect on <»lor change, any noticeable difference in their condition 
being due rather to the backgrounds to which the larvae were exposed. 
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DISCUSSION OF THE RESULTC 

Before attempting to •decide whether or not the response of the melano- 
phores from the first are under control of the nervous system, we must 
find out at just what stage of development the melanophores of the fish 
are able to respond to light, darkness and backgrounds. The experiments 
performed on Oncorhynchus keta with a view to discovering changes in 
the melanophores under the different environments to which the fish were 
exposed, from the time of the first appearance of the melanophores in 
the embryos showed that when put on an illuminated light background 
the youngest melanophore cells newly formed contracted, but when put 
either in complete darkness or on an illuminated dark background, practi- 
cally no change of the melanophores took place. This point will be dis- 
cussed later. 

Wenckebach (1S86) reported that in embryos of Pleuronectes bright 
illumination causes the pigment cells to expand and darkness makes them 
contract. Becher (’29) saw that in Cregonus fern and two species of 
Salma the melanophores are responsive to light in an embryonic stage 
earlier than the time of hatching. 

According to the results of DusinvA (’31), to which we have already 
referred, the embryonic melanophores in Perea become active about as 
soon as the processes of the cells are formed, expanding in the light and 
contracting in the dark. The same author claims that the same is the 
case for the embryo of Salma salvelinus. More recently Tomita (’36) 
stated that the embryo of the Paradise fish upon which he worked re- 
sponds with melanophore change to the stimuli of light soon after the 
first melanin granule formation. Work on other fishes also leads us to 
believe that, whatever the reactions may be, the capability of reaction in 
melanophores in an early embryonic stage is established as firmly as it 
was in the present observation upon the salmon. In this respect, how- 
ever, it may be noted that there is a difference from the reactions found 
in amphibians in which, according to Laurens (’15, p. 633), “ the melano- 
phores of very young larvae do not react to light, darkness and back- 
grounds, until certain stages of development have been reached 

Although Duspiva (’31) showed that the first reaction of the melano- 
phores is tb cause an expansion in light and a contraction in darkness, 
a view substantiated by the recent results of the work of Tomita (’86), 
the case of salmon, as far as the present observation goes, is different. 
According to the writer’s own results, bright light causes a contraolfon 
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of the melanophores from the very beginning where the pigment cells 
were formed just over the brain, quite in the same way as in those of 
the adult. A very similar result has been reported by Parker (’36) in 
an ovoviviparous dogfish. 

As for reactions to darkness, what is shown by the salmon experi- 
mented upon is also different from the reactions reported by many writers. 
The present results indicate that only after attaining a certain stage of 
development did the larvae become considerably lighter in color in com- 
plete darkness, notwithstanding that they remained unchanged in the state 
of a slightly dark tint until a certain larval stage of development had 
been reached. Prior to the stage mentioned above, the specimens, speak- 
ing generally, were kept in a state freed from any possible stimulation 
that might cause a change in the melanophores, having been placed in 
an indifferent background devoid of illumination. Although such a condi- 
tion, in which the fish become pale after a certain larval stage of develop- 
ment seems to be like what is called the primary phase in the other fishes 
studied by Wenckebach, Duspiva and Tomita, it points also to differences 
in that the salmon does not respond to darkness in its early larval stage 
and no transition from an expanded to a contracted state is observed even 
after the yolk has been completely absorbed and after it has acquired the 
capability of reaction to light. On the contrary, that the larvae of Onco 
rhynckus assume a pale tint in complete darkness may be regarded as an 
identical phenomenon to those reported in regard to a certain number of 
adult fishes ; for instance, by Parker and Lanchner (’22) in their investi- 
gations of Fundulus, by Wykes (’36) in his work on Gobjus pagenellus 
and G. ruthemparri, Ctenolabrus rupestris, I^padogaster gouani and Phoxi- 
nils phoxinus, and by Warning (’36) in his studies of the dogfish, and 
so on. . 

It must be borne in mind that the present specimen studied apparently 
possesses a visual system of a far more advanced development in general 
at the time when the melanophore system makes its first appearance than 
those upon which Duspiva and Tomita worked. A possible explanation 
of this phenomenon therefore is that in Oncorhynchus the visual system 
may be functional in some way at the time when the melanophore cells 
ai^ formed, sp that bright light causes a contraction of the melanophores 
lust as in many adult forms, a reaction quite different from those in fishes 
which possess the melanophores in their very early stage of development 
Similarly it is quite possible to assume that there is present a functional 
^<tiEbrentiation in the developmental process of the retinal elements in their 
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^relation to light and darkness. If this be aooepted, then the retinal de- 
ments in Oticorhynchus which are related to darkness or black, acoordingdy 
might not function until long after those elements which are related to 
brightness or white become functional. It follows therefore that the larvae 
remain unchanged in darkness until a certain stage of development has 
been reached, while, on the contrary, light illumination causes a contrac- 
tion of the youngest melanophores. This view may receive additional 
substantiation from the experiment in an illuminated black background, 
in which the larvae did not show any apparent change of the melano- 
phores before they had attained the stage of development mentioned above. 
As the present experiments indicate, thus, there exists at least in Oficb- 
rhynchus no distinction between what is called the primary and the se- 
condary phase during the course of development, its responses being like 
those of the adult, except that in a very early stage of development dark- 
ness does not induce the melanophore change. This difference seems to 
be due only to the fact that there is a variation in developmental process 
between the visual system and the melanophore cells. 

Although any final conclusion must be reserved for the present, we 
should now consider the two photoreceptor systems controlling the melano- 
phore responses, of which one is dermal and the other visual. According 
to the suggestion of Sand (’35), a purely dermal response to light is to 
be found common to all the teleosts. Wykes (’36) suggests however that 
“ the dermal response is variable in its incidence not only in different 
groups but also at different stages in the life history”, (p. 85). In the 
case of the larvae of Oncorhynchux, we should not exclude the presence 
of the dermal response in discussing the mechanism of the melanophore 
change. It is proved that enucleation of the eyes has an effect on the 
melanophores causing an expansion uniformly throughout the larval stage, 
even at the time of hatching. However, neither illumination nor darkness 
gives rise to any change of the expanded melanophores in the blinded 
larvae until a certain stage is reached. These observations are opposed 
to the view held by Duspiva and Tomita that when the enucleation is 
made in the primary phase the melanophores of the young eyeless larvae 
are responsive to light and darkness in the same way as when the eyes 
are intact, but, if made in the secondary phase, the melanophmre reactions 
revert to the primary phase in that they contract in darkness and 
in bright illumination. In the case of Oncerhynduts, however, it is only 
after its later larval stage that the melanophores of the Minded fish tend 
to contract slightly both when illuminated and When in bomplete darkness. 
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This is supported by the similar results obtained from the experiments 
with the denervated band of the fin (p. 27). The facts above described 
and those of unmentioned and fragmental observations suggest that in 
Onoarliyfichus the purely dermal response to light may be regarded as of 
little importance in producing the melanophore reactions in the young 
larval stages, but after a certain larval stage it begins to function to some 
extent This question however is one which deserves further investigation, 
together with that of the exact location of dermal photoreceptors and 
their development. 

However much we may desire to do so, space does not permit us here 
to discuss the results obtained from the experiments concerning the action 
of drugs upon the melanophores. Mention however should be made of 
the reactions which resulted when the larvae were subjected to the action 
of adrenalin, acetylcholine and pituitrin. 

There is no room for doubt that adrenalin has a direct effect upon 
the melanophores as has been demonstrated by numerous investigators. 
Wyman {*24 a) found that in Fundulus the melanophores of five-day em- 
bryos were completely contracted by the use of adrenalin. Duspiva (’31), 
working on the embryos of Salmo, stated that as soon as the melanophore 
cells appear, they are controlled by a double innervation, in view of the 
fact that in the youngest embryo he experimented on with the use of 
adrenalin a contraction of the melanophores took place. According to 
our results, the melanophores when they first appear in the embryos, those 
of eyeless larvae, and those of a denervated area as well as those of the 
remainder of the body contract by the use of adrenalin. Therefore, it is 
evident that adrenalin acts upon the melanophores as a sympathetico- 
mimetic drug in calling forth their contraction. The exact site of this 
action, whether on the nerve endings which innervate the cells or on the 
cells themselves, however, requires further study. 

l^esults concerning the effect of acetylcholine on fish melanophores are 
not all in agreement. Giersberg (’30) found that in Phoxinus acetyl- 
^choline induces a deep darkening. Parker (’31) reports that injection 
of acetylcholine alone causes the darkening of the fish, but in most cases 
death occurs when a concentration strong enough for producing this color 
change is used. But when physostigmine is employed as a protective 
agenti acetylcholine induces the lightening of the ^in (Parker, ’34 a). This 
Rmuld make it doubtful, to our minds, whether physostigmine did not 
have aopEie other effect upon the melanophores different from that when 
iK^lclKdine alone was iniected. Smith axid Smith (’34) state that the 
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chromatophores of Scorpaena are not affexsted by acetylcholine either in 
case of immersion or injection. 

According to the results of the investigations of Duspiva (31), when 
he worked upon the embryos of Salmon the injection of acetylcholine had 
the effect on the larval melanophores of calling forth a darkening of the 
body, while adrenalin caused p£ding. He came to the conclusion that 
even in the youngest melanophores of the fish on which he worked there 
was a double innervation, sympathetic and parasympathetic, and hence 
that it was possible to demonstrate histologically the nerve endings at the 
same time. Like those of Ciersberg (’30), Smith (’31) and Duspiva, 
our own results favor the view that fish melanophores are governed by 
a double innervation, which is opposed to the conception held by some 
other writers that they possess only a single innervation. However, the 
possibility that some part of the process is under the control of humoral 
agencies “ which have free access to the integumentary melanophores ” 
should never be excluded. 

In the present experiment it was obvious that injection of pituitrin 
tended to Cause an expansion of the melanophores in all the larvae studied. 
This was quite in agreement with the results found by Parker (*34) in 
his study of catfish. Without discussing the matter further, our experi- 
ments indicated that in the case of larvae the pituitary gland is one which 
influences the melanophore change in cxilling forth an expansion by acting 
as ‘‘a dispersing neurohumor” if we may use an expression formulated 
by Parker (’32). 


SUMMARY AND CONCLUSIONS 

1 . The first appearance of the melanophore cells on the body surface 
in Oncorhynchus keta is in the very late embryonic sttige, nearly ten days 
prior to hatching, which takes about two months after fertilization in 
normal conditions, temperature ranging from 4° to 8°C. 

2. At about the time when the melanophores make their first appear- 
ance in the embryos, they are responsive to illumination which causes 
the contraction of the pigment cells. This reaction is the same throughout 
all the larval stages. 

3. Complete darkness has no effect on the change of the melanophores 
until a certain larval stage of development is reached, that is, about 20 
days after hatching. When this period has passed, it causes paling very 
much like that observed in adults^ ^milarly, larvae on a black background, 
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whether illuminated or not, do not show any apparent reaction until a 
certain period of the larval stage. After this period, they are decidedly 
dark in tint. Therefore, it is suggested that in the early stages of larvae 
they are not sensitive to black. 

4. Enucleation of both eyes causes an expansion of the melanophores 
in all the larval stages. 

5. A denervated area produced in the caudal fin by the cutting of 
the nerves shows a faintly dark coloration which is caused by a very great 
expansion of the melanophores. The degree of expansion and its per- 
sistence vary with individuals. In most cases the dark band fades out 
within a week. The effects on the denervated area of varying backgrounds 
are described above, but no generalization has been worked out. 

6. We may conclude that the distinction between the primary and 
secondary phases in the change of the melanophores in the larval stages 
which is found in amphibians and in some other fishes, cannot be regarded 
as present in OncorhynchuSy the primary phase in its ontogeny being 
omitted. We would suggest that such a distinction may be determined 
by differences in development in the visual and melanophore systems. 
This distinction varies according to the species studied. 

7. It is suggested that in Oncorhynchus the dermal response to light 
is of much less importance than the retinal, at least in the young stages, 
but possibly later it develops as well. 

8. Oxygen deficiency causes a contraction of the melanophores, but 
carbon dioxide has no apparent effect on them. 

9. Chloretone and ether cause an expansion of the larval melano- 
phores. Cocain, strychnine and nicotin all cause a conti-action, but in the 
case of nicotin the primary contraction is apparently followed by a second- 
ary paralytic expansion. 

10. Adrenalin, in either case of immersion or injection, causes a con- 
tractlbn of the embryonic and larval melanophores. Acetylcholine, when 
injected alone, has an effect on the larval melanophores in calling forth 
the darkening of the body. Pituitrin, also, tends to cause an expansion 
of the larval melanophores. Thyroideum has no effect upon them. 
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The following account of the Polychaeta Sedentaria is based upon a 
collection made by the authorities of the Onagawa Oceano-chemical Institute 
of the Tdhoku Imperial University from Onagawa Bay and its vicinity in 
the summer of 1935. 

Here follows a list of species. 

Family Ariciidae 
Arida fimbriata Moore 

Family Spionidae 
Ptionospio pinnata Ehlers 

Family Magelonidae 
MageUma japonica Okuda 

Family Chaetopteridae 
Spiochaetopterus sp. 

Family Cirratulidae 
Audouinia comosa (Marenzeller) 

Family Chloraemidae 
Stylarioides plumosa (O. F. Muller) 

Stylarioides eruca (Claparede) 

Brada villoaa (Rathke) 

Family Arenicolidae 
Aretucola cristata Stimpson 
Family Maldanidae 
Praxilldla affims (Sars) 

Family Amphictenidae 

Peciinaria (Cistenides) hyperbona Malmgren 
Family Terebellidae 
45 
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Amphitriie liitnosissima Marenzeller 
Amphitrite drrata (O. F, M6ller) 

Amphitrite rubm (Risso) 

Polymnia ndmlosa (Montagu) 

Pista elongata Moore 
Thelepus setosus (Quatrefages) 

Family Sabellidae 

Poiamilla renifarmis (O. F. MOller) 

Potamilla myriops Marenzeller 
Sabella sp. 

Family Serpulidae 
Hydroides uncinata (Philippi) 

Pomatoleios crosslandi Pixell 
Salmacina dysteri (Huxley) 

Spirorbis nipponicus Okuda 

0£ 24 species herein recorded only 8 are newly added to the marine 
fauna of Japan. A general geographical review of the polychaete fauna 
in these regions must be postponed until the completion of the investiga- 
tion of the second half of the collection, i. e., Polychaeta Errantia, but, 
so far as observed on the present materials, it can be concluded that 
the polychaete fauna of the Onagawa Region is composed partly of boreo- 
arctic forms, such as Pectinaria hyperborea or Brada villosay and partly 
of tropical or subtropical forms, such as Pamatoleios crosslandi or Am- 
phitrite rubra. 

The brief description of each species is intended to afford a rough 
determination of the local fauna. The dichotomous key of families and 
generic characters herein adopted have been mainly founded on those 
given by Fauvel, Gravely and Monro. 

Before proceeding further my hearty thanks are due to the gentlemen 
of the Onagawa Oceano-chemical Institute who placed the valuable collec- 
tion at my disposal and also to Prof. Tohru Uchida for his kind guidance 
in the course of the investigation. 


^ Key to Families found in the Onagawa Region 


1. Body divided into distinct regions 6 

1 . Body not divided into di^nct regions. 2 

2. Palpi long, tentade-like i q 
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2^ No tentacIe-Iike palpi. Prostomkim With a kaal pit bordered 
cephalic plate. An anal plate or an anal funnal with cirri. 
No branchiae. Ventral tori with aigmoid hooks.. .Maldanidae 

3. Two long tentacular palpi on prostdmittm 4 

3'. One or more pairs of palpi inserted on the anterior segments. 

Branchiae simple, filiform, inserted above the notopods. i^ro> 
stomium, conical, without processes. Capillary acicular 
setae f^irratulidae 

4. Two palpi and two groups of branchiae retractile into a buc- 

cal funnel. Bristles of first chaetigers prolonged to form a 
cephalic cage. Body thickly papillated Chloraemidae 

4'. Two long grooved palpi not retractile into the mouth. No 
cephalic cage 5 

5. Palpi without suckers, i^edal lamellae erect. Dorsal branchiae 

cirriform. Hooded hooks present Spionidae 

5'. Palpi with sucker-like papillae. Branchiae absent. F^rosto- 
mium flattened, spoon-shaped Magelonidae 

6. A terminal branchial tuft with numerous filaments bearing 
secondary processes. Prostomium indistinct. Uncini^dorsal in 
the thoracic region, ventral in the abdominal region. Tube 


membranaceous or calcareous 11 

6'. Without terminal branchial tuft 7 


7. Large flattened chaetae (paleae) forming an operculum closing 


the tube. Two pairs of anterior branchiae. Caudal region 
small, foliaceous, with hooks at the base. Tube of sand, 

conical, free Amphictenidae 

7'. Without opercular bristles 8 

8. Prostomium conical or blunt without processes. Branchiae on 

many segments 10 

8'. Prostomium more or less distinct. One pair of tentacle-like 

palpi or numerous tentacular filaments 9 


9. Prostomium with or without two small tentacles. Two long 
grooved palpi. Two to three markedly dissimilar regions, the 
anterior short with uniramous feet bearing special chaetae in 
4th chaetiger. Posterior ndtopods’ erect. Uncihi pectinate.. . 

Chaetopteridae 

9^ Without tentacles. A cephalic veil and numerous tentacular 
filaments not retractile. Ventral tori with pectinate uncini. 
Prostomium indistinct. Branchiae arborescent or rarely sub- 



48 


S. OKUDA 


ulate, inserted on the first segments, sometimes absent. .... 
TarebdUdae 

10. Without uncinigerous tori. Serrated capillary setae and acic- 

ular hooks. Parapodia and branchiae conspicuous tuiid erected 
on the back in the abdominal region .Arididae 

10'. With uncinigerous tori. Anterior region abranchiate ; middle 
with dorsal, arborescent, non-retractile branchiae ; often adiae- 
tous and abranchiate caudal region Arenicolidae 

11. Without operculum and without thoracic membrane. Tube 

membranaceous or mucous Sabdlidae 

11'. Usually with an operculum. Thoracic membrane present. 
Tube calcareous Serpulidae 


Family Ariciidae 
Genus Aricia Savigny 

Prostomium conical. Buccal segment achaetous. A pair of erect 
lanceolate branchiae on all except a few anterior segments. Thoracic 
region depressed, flattened, and abdomen rounded, cylindrical. Thoracic 
dorsal ramus with an erect, rarely fimbriate, dorsal cirrus and a bundle 
of crenate capillary setae; in the ventral ramus there are pad-like post- 
natal lamellae with vertical rows of stout bristles and podial papillae. 
Transverse vertical rows of subpodial papillae may be present on a few 
segments or may be absent entirely. In abdomen, an erect dorsal cirrus, 
capillary setae and forked setae, sometimes an intermediate cirrus. Ventral 
ramus bilobed, with capillary setae and a ventral cirrus. Dorsal sense 
organs anchor-shaped. 


Aricia fimbriata Moore 
(PI. II. Rg. A) 

Aricia fimbriata : MooRE, 190t). p. 464, pi. 24, iig*. 31-35; Okuda, 1937, b, p. 99, 1-2. 

Occurrence: Okachi Bay and Ayukawa Bay. Collected by dredging. 
Sp. No, H, 94 and H. 104. 

Specific characters : Body large, depressed in the thoracic region, semi- 
cylindrical in the abdominal region. Prostomium coidcal. Thoracib seti* 
gerous segments 16. The 17th and ISfti chaetigen, though teansitional 
in form, resembling those of the posterior refpon more closdy. Bramhiae 
begin on 5rii setigerous segment. In the miibilioradc repon dotsal rariki 
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h('arinR dorsal cirri with 7 8 fimbriated marginal papillae, and ventral 
rami with foot-papillae, vertical row of suhiiluncini, genuine hooks and 
capillary setae. From the 13th to Kith st'tigeroiis segm(‘nts l-f) spear- 
headed spin(‘s occurring in (‘uch neuropod. Suhpod al papilla*' present 
from the 16th to or on some of these. Intermediate cirrus ahs(*nt. 
In the abdominal rt'gion capillary s<‘ta(‘ and forked setae in dorsal rami. 

Remarks: The species is distinctly chi racterised by the possc'ssion of 
the thoracic fimbriated dorsal cirri. 

Former localities in Japan: Suniga Bay and North Jaf)<m (Mookk). 


Family Spionidae 
(lenus Fritniospio Mai MciKKN 

IVostornium short, rounded. No frontal peaks and occipital tentacles. 
Kves present. I'wo long palpi. Branchiae 3 to 11 pairs, often pinnate. 
Dorsal and ventral setae capillary. Dorsal and V(»ntral hoock'd crocln'ts. 

Prionospio pinnata Eiilkks 

VrinnospUt pinnaiu : p. 173; ()Kia)A, 1937 a, p. 217, fi^(. 22. 

Occurrence: Tako-Shirna (\)lle<*t(*d by dredging. Sp. No. H. 95. 

Specific characters : IVostornium rounded in front. I'hc're arc' 2 mem- 
branaceous prostomial wings. Branchiae 3 1 pairs, pinnate', Ix'ginning on 
the first setigerous segment. Sometimes a transverse cr'est occurring be- 
tween th(‘ first on*' or two setigerous segments. 

Remarks : A single ill-pre.sc'rv('d specimen devoid of the posterior 

n'gion measure's 26 mm. Two ('yc's. A well marked transverse ridge on 
the first setigerous .segment. V<'ntral crochets appearing from the 9th 
chaetiger. The spt'cies is recently recorded by the author (1937 a) from 
the same locality above described. 


Family Magelonidae 
Genus Magelona (). F. MfiLLEU 

Body divided into two regions. Prostomium oval or horn-shaped. 

Two long palpi with sucker-like papillae. No branchiae. No eyes. Two 
anal cirri. Parapodia hiramous. Dorsal capillary setae simple. Hooded 
crochets on both dorsal and ventral rami in abdominal region. 
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Magelona japonica Okuda 

('I’rxlliK* 1) 


Mpgrltma japonica: OKifUA, 19.H7 a, p. 217, (iKb. 23 24. 

Occurrence: Tako-Shima. Collected by dredging. Sp. No. H. 124. 
Specific characters : Prostomiuin horn-shaped. A pair of long, slender 

palpi with fine crowded papillae. In anterior 
region dorsal and ventral postsetal lobes slen- 
der, without processes above setigerous rami. 
Bristles in both dorsal and v(mtral rami fine, 
winged and capillary. Nineth chaetiger bearing 
also fine capillary setae bordered on one mar- 
gin. Dorsal and ventral lobes in abdominal 
region foliaceous, lanceolate, both similar in 
shape and equal in length. Dorsal and ventral 
hooded crochets, with 2 transversely arranged 
small teeth above* a main fang. Deep purple 
pigment occurring from the 5th to the anterior 
border of the 8th setigerous segments. 

Remarks : Only a fragment was collected. 
The species was first recorded from the Korean 
Archipelago. The present specimen is closely 
allied to the species in shape of the prosto- 
mium, in the parapodium and in the charac- 
teristic coloration of the body. 

Former locality in Jajmn: Jinsen, the 
Korean Archipelago. 



IVxt-fin. J. Magelmia 
japonica Okuda. Dorsal view 
of anterior body. x6. 


Family Chaetopteridae 
Genus Spiochaetopterus Saks 


Body slender, divided into three regions. 
Two long tentacles. Anterior region with uniramous feet bearing oar- 
shaped setae. Peculiar spines on the 4th setigerous segment. Middle 
region with number of biramous feet, dorsal rami foliaceous, lobed, and 
ventral rami bilobed. Posterior region with biramous feet, dorsal rami 
cylindrical ; ventral rami uncinigerous. Tube horny, translucent, cylindrical 
and annulated. 
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SpipduwBtoptemw sp. 

4k e mvmtm: Oln fadat. Gdlected by dredging. Sp. No. H. 110. 

Oaly e fair number ol empty tubes. They are deader, 
honty, rigid, (tylindricri with rings, recalling those of Spiochaetopterus 
IWMBIty- 


Family Cirratulidae 
Genus Audotdnia Quaikefages 

Body long, subcylindrical, tapering at both ends, prostomium conical. 
Tentaenlar ftatnents aiqwaring on one or more segments behind riie first 
branchiae bearliv segment. Branchial filaments from the first segment 
to nearly i|» last ones. Capfflaiy setae and hooks in both rami. 

Audouinia oomoaa (Marenzexxer) 

(PI. II, Fig. B) 

Cmainhu ommm: Mamuzeixse, 1879, p. 39, pL 0, fig. 7; Ehlerb, 1920, p. 62 

AiuhtUmia comtm: Fauvsl, 1983, p 46; 1936, p. 73. 

Ocepvfncg: Odra Inlet and Onagawa Harbour. Collected by dredg- 
ing. Sp. No. H. 75 and H. 125. 

Sf^eifie charactors : Body large. Branchial filaments from the first 
aatfgacoos aegmott Tentacular filaments in dense clusters on the 5th-6th 
or Sth-Ttli setigerous segments. Distance between the point of branchiae- 
htaertion and dorsal ramus shorter than the distance between die two 
mmi. Capfflary setae in every foot. Ventrfll hooks relatively slender, 
about i~5> first ajqiearing on about 26th neuropod. Dorsal hooks, about 
from about SQth notopod. 

gMwnibr.* A singie rather snudl speriraen measures about 28 mm. 
Aa altoiady mentioned by. Aumm the species is closely allied to riudotrinfo 
Wiwh|||asfi<idia. Hie sgMim is widdy dhtributed in Japan as dso in 
Ofigi. saaOfded the spades from Ambokia. 

koAitll Apam- Sdte, Wdlcttyaraa Prefecture (Fauvel). 

1 

Family Chloraemidae 
Genus ^larioides Dellb Chiaje 

UmIf ohugafed, agdindrieal or dubehaped, coated with pqpdlae. Two 
atplt iwilli ^rdiddae fflilonn, bom on a retractile steOi. Bridles on 
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die 6rst few chaetigers directed forward to fcH'in cephalic cages. DotmJ 
bristles long, capillary and annulatecL Vientral^ bristles behind the fost 
segments simple or rarely pseudo-compound, hook-like. Aciculan. setae 
slender. Bibod green. 

Stylarioides plumosa (O. F. MDu-er) 

(PI. II. Fig. C) 

Stylarioides plumosa: Fauvel, 1927, p. 116, 6g. 41, a-g; Hasse, 1914, p. 187. 

Stylarioides borealis: Moore, 1903, p. 487. 

Occurrence: Oiira Inlet. Collected by dredging. Sp. No. H. 126. 

Specific characters : Body elongated, cylindrical, gradually tapering 
backwards. Skin papillae rather short, cylindrical or globular. Two stout 
palpi. Buccal siphon short. Branchiae slender, few in number (8 in all). 
Cephalic cage formed by setae of the first three setigerous segments. 
These bristles are long and ringed. Sigmoid crochets accompanied by 
fine ackular setae first appearing from the 4th chaetiger. Anus terminal. 
About 30-70 mm long for about 50-70 segments. 

Remarks: Hiree rather small specimens were collected, of which the 
largest one measures 40 mm for 47 setigerous segments. The body is 
coated with sand particles. Moore recorded the qiecies from Nralii Japan 
as Stylarioides borealis, which is considered to be synonymous with the 
present species. In Akkeshi, Hokkaido, dm qsecies commonly occurs. 

Former locality in Japan: North Japan (HHooke). 

S^darioides eruca (Claparede) 

(Text-figs. 2-3) 

Stylarioides emca: Fauvel, 1927, p. 119, fig. 42, h-1; 1934, p. 48. 

Occurrence: Izushima Harbour. Cdlected by ^r^ging. Sp. .No. H. 
120 . 

Specific (Jiaracters: Body thkdcly coated with sand grains. 4^ng, 
cylindrical papfilae arranged in regular longitudinal rows. Cephalic cage 
formed by setae of the first thr^ Mtigerous segments, long, lender, qet 
iridescent. Branchiae, filiform, variaUe in number, inserted on A sholt 
peduncle. Ventral setae bidentato. About 40-60 mm for 60-^ cW 
tigers. 

Remarks: A single specimen measures 30 mm for 45 chaetigers. The 
body surface was denscdy coated with sand partides. This is die 6nt 
record of the species from Japan. r 
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Tfxt-fiw. 2. Stylarioides erura "IVxt-lig Stylanoides eruca 

C('i.ai»ar^:i)k). Entin' Body. x2. (Ci.APAi<h:r)K). Ventral seta. 

Genus Bmda Stimpson 

Body cylindrical or fusiform. The setae of the anterior segments do 
not form a marked cephalic cage. Two stout palpi. Branchiae cirriform, 
r(»tractile, in two clusters. Dorsal setae capillary, annulat(»d ; ventral setae 
simple, stout(T. A single pair of nephridial papillae protruding on the 
llh or 5th seligerous segment. 

Brada villosa (Rathkk) 

(PI. 11, Fir. D) 

Brada villosa: K^auvicl, 1927, p. 121, fiR. 4*1, od; 1931, p. 49; Haabic, 1914, p. 203. 

Occurrence: Myozin-Maye, Okachi Bay. Collected by dredging. Sp. 
No. H. 135. 

Specific characters : Body fusiform. Dorsal skin papillae large, clavat- 
ed ; ventral papillae very small and short. Around the base of the dorsal 
and ventral setae tuft, the papillae are long and cylindrical aiT^nged in 
rosette-form. One pair of small nephridial papillae on the ventral side of 
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the 5th setigerous segment. Two large palpi. Branchiae numerous. Bris- 
tles of the first setigerous segment slender, few in number ; they do not 
form a cephalic cage. From the 2nd chaetiger backwards, dorsal bristles 
shorter, ringed. Ventral hooks curved, articulated. About lO-lOinm for 
12 35 chaetigers. 

Remarks : A single complete specimen measuring 20 mm for 28 chae- 
tig(*rs. Th(» species which is widely distributed in the boreal regions is 
now recorded from Japan for th(' first time. 

Family Arenicolidae 
(hmus Arenicola Lamarck 

Body cylindrical, often swollen anteriorly. Kach segment divided into 
annuli. Branchiae pinnate or branched, variable in number and lacking 
on anterior s(»gments. IVostomium small or moderately well developed, 
bounded posteriorly by the nuchal organ. No tentacles nor palpi. Neuro- 
podia transversely thickened, b(*aring a vertical row of (*rochets and conical 
notopodia with capillary S(*tae. One or more pairs of oesophageal pouches. 
There are fiv(' to thirteen pairs of nephridia. A pair of peristomial oto- 
cyst, sometim(»s absent. 

Arenicola cristata Stimpson 

Arvnicola vristnta : Facvki., 191^7, p. 163, fig. .^7, o-r. 

Occurrence: Kiriga-Saki and in front of the Institute, .sandy bottom. 
Sp. No. H. 72 and H. 73. 

Specific characters: Body cylindrical, swollen anteriorly with 17 seti- 
gerous segments. Branchiae pinnate in 11 pairs. Well marked prosto- 
miurn consisting of a median and two lateral lobes. Otocysts closed, 
spherical sacs. Six pairs of nephridia opening on segments 5“ 10, One 
pair of oesophageal pouches, cylindrical, club-.shaped. Diaphragmatic pou- 
ches large and finger-shaped. Body length about 25 40 mm. 

Remarks: The species is widely distributed along the Japanc'se coast 
from Hokkaido to southern Japan and the Korean Archipelago. 

t . Family Maldanidae 

^ Genus Praxillella Verrili. 

A slanting rimmed cephalic plate. Acicular ventral bristles in the first 
; three setigerous segments. Several anteanal ,achaetous segments. Fypi- 
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dium &nnel*!^ped, bordered with cirri. Anal cone protru^g. Venh«t 
ciinrus much larger than the others. 

PraxiOdla affinia (M. Saks) 

(PI. II, Fig. E; Text.fig. 4) 

PraxUltUa Arwidsson, 1906, p. 177, pi. 4, figs. 145-15S, pi. 9, figs. 297 -301, 

pi. 12. figs. 364 366. 

Oumtm (.PraxilMla) affinis : Fauvel, 1927, p. 180, fig. 62, f-1. 

Occurrence: Tako-Shima. Gillected by dredging. Sp. No. H. 124. 
Specific characters : There are 18 setigerous and 3 anteanal achaetous 
segments. Ocelli in 3 groups. Hie anterior point of the head is rather 
short, not ending in a filiform tip. Nuchal organ long. One to three 
ventral acicular spines in the first 3 setigerous segments. They bear 2-5 



Text^. 4 PnucilUUa affinit (Saks), a, b, Boalt tram 1st nourapod; 
c, Hodc from Srd neuropod; d. Hook from 13tk iKMOjogod, 

smail teeth above a main fang. In the rest at bodjf* tuicini with 5-7 
teeA. Dorsal ci^filary setae ci 2 kinds. • Pygidimn fringed with 12-27 
amd- ohri, of wfakh a median ventral one much longer. Gfiandular belts 
vvdl developed from the to the 8th chaetigers. Neplnidia in die 6th- 
Mh cila<rt%ant. 

' ' 'Bsmorfb.* Three complete specimens and several fragmental ones were 
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eoU^citAcl. The body length meawres 26-68 imft. The notanor point el 
the head does not form a finger-like cephalic point as in IkwciUetta #na- 
eUis. There are 3 groups of the ocelli behind the cephalic portion. Anal 
cirri 14-16, with an exceedingly elongated slender ventral one. Uncinl 
in anterior 3 setigerous segments. 1 or 2 in number. They are markedly 
open and bear 2-4 small teeth above a main fang. This boreal species 
Is first recorded from Japan. 


Family Amphiotenidae 
’ Genus PecUnaria Lamasck 


Tentacular membrane fringed. Dorsal border smooth or crenate. 
Scapha separated from abdomen by constriction. Two pairs of branchiae. 
Uncini from the 4th setigerous segment, pectiniform, with teeth of differ- 
ent sizes. Dorsal bristles of two kinds; with slender smooth tips and 
with serrated tips. A single pair of cement glands. Three pairs of 
nephridia. Tube thin-walled, straight or curved. 



Text-fig. 6. PteHnaria(,(X$ta‘ 
flidM) httptthorta MAUiomm. 
a, UwSni. 


Pectinaiia (Cistenides) hyperboraa 
Malmgren 
(PI. II, Fig. F: Fig. 6) 

Pectinmia (Cutemdes) hupetborta : Nilsson, 1928. 
p. 31, fig. 9. 

Cutenides kyperborm: Mooas, 1908, p. 479. 

Occurrence: Onagawa Harbour. Collect- 
ed by dredging. Sp. No. H. 109, 

Specific characters: Tentacular memtHrane 
with 30-35 processes. Twdve to fifteen 
paleae on each side. Dorsal border ce- 
phalic plate smooth. Seventeen setigerous 
and 12 undnigerous segments. Dotsd bris- 
tles of two kinds ; narrow, winged widi deli- 
cate hirsute ends, and setae with curved 
tips, strongly deidiculated on concave aide. 
In pn^le undni have 3-4 large teeth-’and 
4-5 finall ones above die basal' pioeaas, 
Scapha longer than broad, widi dewMcldrtad 
edges. Anal lignle broader than 
a sBBooth eihie and a small drtns. Avud 
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)wdn '6-^ on eadi skle. Tube dighl^ carved, consisting ot naaD brown 
Mkod grains. 

Jtsmarb: Two specimens rather large, measuring 48-50 mm were 
coHeeted. Th^ have 12-13 paleae. Tentacular membrane with 32-35 
pteocases. Uncini have 3-4 large teeth above dentictdated basal region. 
Anal hooks 7-8. NILSSO^; recorded the species from North Japan and 
Moore from Sendai Bay. Nilsson considered diat the Japanese form 
may be subspecies of the typical form. Tlie Japanese specimen examined 
by him has fewer paleae (10-11), 4 large teeth in the undni instead of 
3 and fewer anal hooks, 5-7 instead of 6-9. These differences between 
the Japanese specimen examined by Nilsson and the typical form may 
be considered as varietical in character. 

Former localities in Japan : Tuboruti, North Japan (Nilsson) ; Sendai 
Bay (Moore). 


Family Terebellidae 
Genus Amphitrite O. F. Muller 

Three, rarely two, pairs of branchiae, usually ramified, exceptionaUy 
cirriform and arising from a common base. There are 17-25 setigerous 
segments. Lateral lobes present in anterior region. Notopods from the 
4th segment and neuropods from the 5th (2nd setigerous segment). Dorsal 
cigifilary setae with denticulated tips. Uncini set in biserial rows over a 
certain number of thoracic segments. 


Amphitrite ramosisshna Marenzeller 

(Text-fig. 6) 

Amphitriie ramoiusima: Marenzelleb, 1885, p. 4, 
pi. 1, fig. 2. 

^.^JilfoamphitrUe mmoMMifna; HgssLE 1917. 

Occurrence: Ishihama. Sp. No. H. 76. 

Specific characters: Three pairs of rami* 
Aed brandiiae. No eyes. Latoral lobes on 
, l|^ 2iid and 3rd segments. About 13 gland- 
The- notopods b^in on the 4th s^* 
aad . occur in 17 pairs. Dorsid setae 
Imrdieiod wkb den^lated tips. Ventral un- 
;^|ldHl.4UX|a4Bd hi dodble tows from the 7th to 
^5(h nemniMida. Uncini with 3-4 rowt of 



T«xt-6g. 0. Amphitrite 
rmmhninm Mamenzbubr. 
Unciaus. 



8t. 

teeth above the -JMiin .fang. Nepbridial papSlae from idie 3rd to the' 8th 
aegiiieots. 

Remarks: .vThe aiagle specimen examined, measttces ahout^ 40 mm. 
Letecal lobes weU dweloped. There are about 12->13 yentrtd gland diic^ils. 
Ne|dtri(hal papillae hvm the 3rd to the 11th segments.:, .The presmit specimen 
omrresponds jvdl to MARENZEU«n’s species except for the number of the 
nephridial papillae, which Makenzeller gave as occurring on the 3rd to 
Sth' S^mient. Ampkitrite bifurcata described by Moore from Sendai Bay 
may be identical with the present species. 

Former localities in Japan : Enosfiima (Makenzeller) ; Sagami, Suno* 
saki and Okinose (Hessle). 

Amphitrite drrata (O. F. MOller) 

AmphitHte cirrata: MalM€2R£N, 1B65, p. 375, pL 21, %. 53; MooRB, 1903, p. 473; 
Hessle, 1917, p. 186; Fauvel^ 1927, p. 251, fig. 86, i-o. 

Occurrence: Onagawa Harbour. Sp. No. H. 75. 

Specific characters: Three pairs of cirriform brandiiae. No eyes. 
Lateral lobes on the 2nd, 3rd and 4th segments. About 12 gland shields. 
Seventeen setigerous thoracic segments. Dorsal capillary setae bordered 
with finely denticulated tips. Uncini set in double rows from the 7th to 
the 16th uncinigos. Nephridial papillae in 7 pairs, on the 3rd and the 
6th-] 1th segments. 

Rem/arka : A single small specimen. The species is widely distributed 
in *^he arctic and boreal regions. 

Former locality in Japan: North Japan (Moore). 

Anqphitrite rubra (Risso) 

(PI. II. Fig. G) 

Amphitriie rubra : Fauvel, 1927, p. 249, fig. 85, h-1 ; 1936, p. 80. ^ ^ 

Amphitrite vigintipee: Marenzeller, 1884, p, 199, pi. 1, fig. 1. * , 

NeoampkUrite vigiiUipea : HEasLBb P* IBS. 

Occurrence: Miyaga-Saki, sandy bottom. Sp. No. H. 77. 

Specific charactm: Three pairs df ramified Iwanchiae. Lateral lobes 
on the 2nd, 3rd and 4th segments, oi which the last pair is less de^e|ied 
and transversely elongated. Thoracic setigerous segments number 28*^. 
About 13 gland shields. ' Uncini arranged in double rows from tibe 7A 
to last thorack segments. Dorse! capillary setae wkh serrated tips. Ttwriae 
to fourteen nephridial papillae. 
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Remarkt : Three specimens were examined. The largest one measures 
about 100 mm exclusive of the tentacles. There are 20 pairs of notopods. 
Ventral gland shields 13 in number. Tbe uncini begin on the 5th segment 
and are arranged in 2 rows from the 7th to the first abdominal neuropods. 
The nephridial papillae occur from the 3rd to the 15th segments (13 pairs). 
The number of the thoracic setigerous segments as well as that of nephri- 
dial papillae seems to be variable. 

Former localities in Japan : Enoshima and Kagoshima (Marenzei-Ler) ; 
Misaki (Hessle) ; Uchi-Ura, Wakayama Prefecture (Fauvel). 


Genus Polymnia Malmoren 

Three pairs of ramified branchiae. Eye-spots numerous. Lateral lobes 
on anterior segments. The first notopods are on the 4th segment and 
first neuropods on the 5th. Dorsal capillary setae smooth at tips. Uncini 
with an elongated base, a lateral spur and denticles above the main fang. 
They are set in double rows over a certain number of segments. 

Polymnia nebuloaa (Montagu) 

(PI. II. Fig. H; Texl-fig. 7) 

Polymnia nJkuloaa; Fauvei., 1927, p. 257, fig. 89, a-g; 1932, p. 224; Monho, 193R, 

p. 180. 

Occurrence : Onagawa Harbour and Shirokane-Zaki. Collected by 
dredging. Sp. No. H. 75 and H. 150. 

Specific characters : Three pairs of ramified branchiae. Numerous eye- 
spots on the cephalic lobe. Lateral lobes on the 2nd, 3rd and 4th seg- 
ments. Seventeen setigerous thoracic segments. 

Dorsd capillary setae smooth, nairowly bordered. 

Tliey first appear on the 4th segment. Uncini with 
2 large parallel teeth with a crest of 3-4 denticles 
above the main fang. Nephridial papillae from the 
%rd to the 8th segments. 

' tRemadb : A single specimen destitute of caudal 
was collected. The uncini were not distinctly 
arranged in 2 rows. Polymnia nesidensis var. jape- 
nice recorded by Moore from Sendai Bay is closely 
allied to specios* The species is first recorded 
horn Japaii. 



T«xt-fig. 7. Polymnia 
nobulooa (Montagu). 
Unemus. 
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Genus Aita Malm6rsn 

Om to thrae puirs of buriiy brandiiae with a wdl*<leveio|wd 'onin 
SteaK Lateral tabes in the anterior region. Distinct ventral gland dydAh 
Notopods on the 4th segomirt and neuropods on theSth. Dwnal 
setM smooth. In the first few neuropods uhcnu with long rfufts. die 
rest of body uncini avicular, and arranged in double rows over a oertdn 
number of thoracic segments. 



Text-fig. 8. PiHa 
eUmgata Moore. a» 
UncimiB from Ist 
neuropod; b, UncinttB 
from posterior neuro- 
pod. 


Plata elongate Moohe 

(Text-fig. 8) 

Pitta elongata: Moose. 1909, p. 270, pi. 9, figs. 45-47; 

Monro, 1933, p. 1068; Bbrkelet, 1929, p. 5; 

1936, p. 773. 

Pitta maeulata : MARENZEt-LER. 1884, p. 204, pi. 1. fig. 5, a-d. 

Pitta vutremelltri ; Hrssle, 1917, p. 157. 

Occurrence .* Onagawa Harbour. Collected by 
dredging. Sp. No. H. 117. 

Specific characters: Three pairs of arborescent 
branchiae with a well developed main stem. Large 
lataal lobes on the 3rd segment. There are 17 seti- 
gerous thoracic chaetigers. Dorsal capillary setae nar* 
rowly bordered. Ventral uncini on the first neuropods 
have long shafts and a prominent anterior projection. 
The crest of uncini consists <A a single transverse 
series of large teeth and the guard is large. Normal 
uncini of the rest of body have 2 or 3 rows cd den- 
ticles above the main fang. 

Remark: A single specimen- was collected. There 
are no lateral lobes on die 2nd sespMent. About HI 
ventral gland shields. The shape of the undni mere 
closely odntaided widi ‘that of Moore's figurl dmif 
that <d Maren^ller. As Monro already mentkmed 
the specific ' namb of Marsnzqxer's species, Hbte 
maadaia, first described- horn lapan, must be changed 
to dofigata according in ^ rules governing noniein- 
clature. According to B|»iaHunr die tube of 


species conqiosnd of a dthinous material hea«% beset cHth ooUine fwr^eliee 
of shells, sand, etc., ^ilar that of la^ee ctmtAU^. 
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Former localities in Japan : Enoshima (Marenzeller) ; Misaki (Hessle). 

Genus Thelepus Leuckakt 

Two or three pairs of cirriform branchiae in a transverse series. Dorsal 
setae on a large number of segments. No lateral lobes in th(» anterior 
region. Notopods from the 3rd segment and neuropods from the 5th. 
Dorsal setae smooth ; uncini in a single row throughout the body. 

Thelepus setosus (Quatrkfages) 

Thelepus setosus: Fadvki* 1927, p 273, fij?. 95, a3i; 1936, p. K3. 

Thelepus japimicus : MAiiKNZELLfcK, 1884, p. 12, pi. 2, fig. 4. 

Occurrence : Ommae Inlet. Collected by dredging. Sp. No. H. 114. 

Specific characters : Three pairs of filiform branchiae. Dorsal setae 
on the first 30-60 chaetigers. Abdominal region long, narrow. Llncini- 
gerous tori form projecting, square pinniih^s in po.sterior abdominal region. 
Nephridial papillae on segments 4-7. Dorsal setae capillary of two kinds. 
Uncini with a transverse row of 2 or 3 large teeth above the main fang 
and above these 2 small teeth arranged in parallel. About 20 gland 
shields. 

Remarks: An anterior fragment and several empty tubes cemented 
with shell particles and sand grains were collected. Ihe species is widely 
distributed on Japanese coasts. 

Former localities in Japan : Enoshima and Mazuru (Maizuru ?) (Maren* 
zellek) ; Uchi-Ura, Wakayama Prefecture (F'auvel). 

Family Sabellidae 
Genus Potamilla Mai.mgken 

Branchial lobes symmetrical, not spiral. Branchial filaments with or 
without eyes. No dorsal stylodes on the filaments. Winged seiae of th(‘ 
first chaetiger in a tuft. Dorsal thoracic setae of two kinds ; winged 
capillary and spatulate. Thoracic tori with avicular uncini and pickaxe- 
shaped setae. In the abdomen dorsal avicular uncini and ventral winged 
setae. 


Potamilla nmiformis (O. F. Muller) 


Potamilla reniformis: Fauvcl, 1927, p. 309, Hk- 107, a*l. 
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Occurrence: Izushima Harbour and Oura Inlet. Collected by dredg- 
ing. Sp. No. H. 92 and H. 93. 

Specific characters: Body large. Two branchial lobes symmetrical. 
Nine to twelve thoracic setigerous segments. Ten to fifteen branchial 
filaments bearing 1 to large dorsal eye-spots. Collar is four-lobed 
with two angular dorsal lobes. A conspicuous dorso-lateral incision above 
the first setae tuft. Setae of the first setigerous segment limbate. In the 
remaining th(iracic region narrow winged capillary setae and oval spatulate 
setae with slender tips. Ventral tori with avicular uncini and pickaxe- 
shaped setae. In the abdomen dorsal avicular uncini and ventral bordered 
capillary setae. horny, more or less incrusted with sand grains. 

The terminal portion of tube often rolled inwards. 

Remarks : The fragmental, macerated specimen, together with sev(Tal 
empty tubes, is referred to the species with some doubt. Tubes all rolled 
inwards at terminal portion. The species is here first recorded from .lapan. 



'rrxt-hg. a. Potamilla 
myriops Marenzfllkr. 
Kntire body. xl. 


Potamilla myriops Marenzkli.ek 

dVxt-%. 9; 

Potanniia mynopn : Marknzei.LEK, I8H4, p. 211, pi. 3, fig. 

2; OKI MM, 1934, p. 234, I’ik's. 1 2; Fai'VEI., 
1936, p. 85. 

Occurrence : Miyaga-Saki, in sandy beach. Sp. 
No. 77. 

Specific characters: A large number of bran- 
chial filaments bearing 5 25 dorsal ey(»-spots ar- 
rang(*d in a longitudinal row. Collar separated 
broadly on the dorsal portion. Collar setae nar- 
rowly double- winged. Other thoracic fascicles are 
composed of capillary .s(itaf» and broad bladed 
.spatulate .setae. Thoracic tori having pickaxe- 
shaped .setae and avicular uncini. In the abdomen 
dorsal uncini avicular and ventral setae limbate. 
Seven to fifteen thoracic setigerous segments. Tube 
rather thick and tough. 

Remarks: The .species commonly occurs along 
the northern Japane.se coast. 

Former localities in Jafmn: Sagami, Misaki, 
Sunosaki (Johansson) ; Seto (Fauvkl) ; Akkeshi, 
Muroran and Oshoro (Okuda). 
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Geiuis SaiMm Linne 

BMacUAe not spiral, witJiout dmaal stylods or subterminal eyes. The 
brand^l fflaments with or without spots. Collar lobed. Only winged 
setae hi first chaetiger. In the remaining thoracic chaetigers dorsal 
setae with win^ of varying breadth and ventral avicular uncini and pickaxe- 
shaped setae. No ^atidate setae. Abdominal dorsal uncini avicular and 
ventral setae whtged. 


Sabeila 

Occurrence: Koshiki-Ne. Collected by dredging. Sp. No. H. 66. 

Remarka: A single specimen destitute branchial filaments and 
posterior body region was collected. Nothing can be stated as to the 
character of the collar which is in fairly damaged condition. In the thorax 
ventral avicular and pickaxe-shaped setae; dorsal winged setae of two 
kinds, the one long, slender capillary and the other shorter with broader 
wing. On account of the absence of the branchial filaments and the 
damaged body an accurate specific identification is impossible. 

Family Serpulidae 
Genus Hydroides Gunnerus 

CoHar setae of bayonet shape with two conical processes at base of 
blade. Operculum funnel-shaped with a crown of horny spines arising 
from the centre. Uncini with a few coarse teeth, the lower one larger 
than the others. Thoracic setae winged, abdominal setae trumpet-shaped. 


Hydroides undnata (Phiuppi) 

cr«st-ag. 19) 


Sfip M m h t* MudnoiM: EHLBim, 1887, p. 285, pi. 68, figs. 6-11. 

; Fadvix, 1927, p. 357, fig. 122, a-b. 

Chewntnee: Isldhama, on rocks. Sp. No. H. 88 and H. 136. 

Specific chanuten: Opercular lower funnd iddi about 30 pointed 
spines^ somdiinbs with a secondary short process at base ; igiper one with 
6-12 tdl spines all alike or aoiximpanied by a diSferent spine. Bayonet 
ducted oollsur setae widi 2 short basal processes destihite of dendculations. 
ITulte soIltn>^. <v aggregaked. They are tyliadrieah wrinlded, often with 
dnrsd earta^. 
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Remarks : A fair number <rf w^ilte^Jyliildrical tubes, more or less oofled 
wtth two dorsal longitudinal ridges were coHected. Two types of operadar 
funnel were found, viz., the one with upper erown beating 16 long, tapered 
delicate simple spines pointing outwards and with serrated lower crown; 
and the odier with uppm* crown having 8-9 short, strong spines slightly 



^ 10. Hydrmdef uncinaia (Phiuphi). a, b» Two types of operculum; 

c, di 'Setae from 1st chaetiger. 

curved )^twards and with denticulated lower crown. These ^ines of upper 
crown are fdl fdike in both types. The shape of the opercular funnel of 
the former type is quite near that of EiU.BBs’ figure. There are 15-17 
*branchia] filaments on each side. The collar setae are of two kinds; 
slender capillary and bayonet-shaped. About 20-30 mm in 'hody length. 
The species is now recorded from Japan for the first time. 

Genus Pamaloleios Pixell ... 

Collar setae entirely absent. Uncini with fairly numerous teeth, die 
most anterior larger and gouged underneath. Abdominal setae trumpet- 
shaped with one side produced . into a long spine. Operoilum flat with 
winged pedicle. Tube with a flap over the entrance. 

t Pomatoleioa eroaslandli PixBU. 

(PI. n. Fig. 1; Tsictfist. 11-12) 

PometoltUft cnMlufUli; Pikm, 1918, p. 85, iJ. 9, fig. lOj Fauvo. 1932, 

Momiio, IWS, p. 908; Day, 1984, p, 80. - 
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Ooatrretux^ Jsh&ama, on rocks. Sp. No. H. 88. 

Speoific dmacters: All thoracic setae sitn^e, striated. Branchial 
Blaments with or without eye-spots. Uncini with 10 or 11 teeth in both 
die thoracic and abdominal regions. Collar membrane well developed. 
Brandiiae with a high inter-branchial membrane and long bare terminal 
filaments. Opercular pedicle short 
with thick lateral wings. Tube, often 
blue coloured, having a flap over the 
entrance. 

Remarks: Several tubes contain- 
ing the worms together with that of 
Hydmides undnata were collected. 

The present specimens have been 
compared with those collected from 
Seto and Tomioka. They are about 
15-25 mm in length. The branchial 
filaments, in 19-23 pairs, are well 
developed with long bare terminal 
portion. The eye-spots may be ab- 
sent or sometimes present. The 
specimens from Tomioka are usually 
destitute of eye-spots, while those 
from S^to and the present locality 
bear 3-5 distinct pairs of dark blue 
eye-spots arranged in a longitudinal 
row on each lateral side of the fila- 
ments. The branchial filaments are 
crossed by 3-5 blue or dark gray 
broad transverse bands. The collar 
membrane is well developed with a high flap-like ventral lobe. The flat 
operculum has a white calcareous plate. The opercular pedicle bears two 
lateral rod-like wings directed upwards. In all the specimens examined 
from various localities no collar setae can be found. The bristles and the 
uncini are as in usual cases. The thoracic uncini have 10 teeth above 
die iobge^fice' bimi ^process aitd the setae are simple, striated, capillBcy- 
The tubes are blue in the outw as weU as in the inner portion. They 
have long, triangular, pointed, prolonged dorsal processes beyond the en- 
trance. Along the median dorsal surface there ie a flatt^ed niore or less 
emicave, broad ridge. The entire surface of (he tahe is . graved by wavy 



Text-fig. 11. Pomatoleios croistandi 
PlXEix. Lateral view of anterior l)ody. 



B. owmk 



Text^fig. 12. Pamat^eioa aroMsUmdi PlXMLL, a* A bran- 
chial filament; b, Operculum; c, Thoracic seta; d, Abdo- 
minal seta; e/Tube; f, Cross section of anterior portion of 
tube. 


leadings. In cron* 
section the enlMrior 
portbn of the tidw 
shows 2 ^lort dors^ 
projectioRs and a 
pair of basal sharp 
processes, and diore 
are a large roanded 
hollow in the central 
portion and two later- 
al, small, more at 
less triangular ones, 
one en each basd 
processes. The genus 
is represented by a 
single species enws- 
landi originally de- 
scribed from the Red 
SeabyPiXELL. After- 
warth Fauvel record- 
ed the species hrom 
Madras and both 
Monro and Day 
from South Africa. 
Japanese spechnens 
have a rather large 
body and a greMer 
number of branchial 
filaments. Iheoocmr- 
rence of die eyo'^iots 
in some Japanafe 
^^ecimens .may fsD 


within the variability of the species. Afi Fauvel stated, die present writer 
also could not find a flap over . the mitrance of the tube. Although the 
^jiecies has not yet . been recorded from Japan, it may be found fahh^ 


commonly «Bloag the southmn Japanese coasts. . 


Genus Sohnoctnet Clapar£3ME 
Ne operculum, j&yes presept Brandihm yis hi number 
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ilwB i Wit i i ), flpatiAite enlargements containiag granular mastBS At their 
Bndi. Undoi pectinate with numerous small teeth. HermaphrodH«. 

Sahnadna ^eteri (Huxley) 

(PL n. Pig. j) 

SoiMMiM dhtterf; Fauvel, 1027, p. 377, fig. 129, c-k; Pixnx, 1913, p. 37. 
Oeamvtiee: Tsuka-Hama. Collected in a sandy beach. Sp. No. H. 
112 . 

Spedfie chanuten : There are 7-9 setigerous thoracic segments. Bran- 
diiae in 2 lobes, each with 4 filaments with spatulate masses at their ends. 
Tliorecic membrane well developed. Cdlar setae of two kinds ; limbate 
setae and geniculate ones with numerous fine serrated processes at the 
base of blade. Other thoracic setae sickle-shaped or bladed forms. Tube 
calcareous, slender, filiform. 

RcHMfdw; A large mass of Sttlmadna tube containing a number of 
worms. This is the first record of die spedes from Japan. 

Genus SpmtHna Daudin 

Body asymmetrical. Thoracic setigerous segments 3 or rarely 4. Oper- 
adorn with a terminal calcareous plate having a peduncle without pinnules. 
Cdfor setae simple, bladed or with a fin-like extension at the base of 
blade. Abdominal ventral setae geno'ally geniculate. Uncini with a free 
edge provided wHh nuxnmius fine teeth. Calcareous tubes coiled in a 
deoctsal or ■ a simstrd spiral. 

^nrorbis (Dexioapira) nipponkus Okuda 

Spifvitu (pmdcipim) nippmkm: Okuda, 1934, p. 242, figs. 3~11. 

‘ Gtetmenoe ; Onagawa Harbour. Collected by dredging. Sp. No. H. 

j 

Spedfc ehamim: Branchiae in 3 pairs. Collar setae with a simple 
sphteted blade without findike expansion. C^ierculum with a Uood-poudi 
it <gi fa d ri ca l , -dotted without longitudinal grated plates. Three 
^beapciie ^pPigerotts - s eg me nts. Undni with fine mnridiial- teeth ammged 
te 4r^ triamerse rows, terminatittg in trifurcated basal processes. Tube 
ddttnil* ItetM whh 3 unequal dorsal carinae. 

BapawilEsi Ibe .apedea closely allied to SpUwids fommutonu, but only 
'- i dj ite i 'uiil ' fttMB tltebi^ in the undni vdth dte trtfurcated bteal proceases 



’'iH s. omox'^ • 

I 

'•Mi' hi iImt opercoloRi withoat a longitodhuil -grated plate. The species 
i eOMUMtiy foand fixed on sea^weed& 

Fonngr localises in Japan: Akkeidfi and Muroran. 
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EXPLANATION OF PLATE II. 

A. Ando fimbriata Moore. x2. 

B. Audbtitnto camoM (Marenzeller). xJ. 

C. StifUariaides plutnosa (0. F. MOller). xl. 

D Bfwia villma (Rathke). x2. 

E. PraxUkUa afinia (Sars). x2. 

F. PaeUnaria {CiaUmdei) hyperborea Malmgren. xl. 

G. AmphitrHe rubra (Rfsao). x 1. 

H. Pdffmnia nebulom (Montagu). x3. 

I. i^P&matoUic§ croulandi Pixell. A mass of tube, x 1. 

J. SbUimcim dyateri (Huxley). A maas of tube, x 1. 




SOME NOTES ON RELATIVE GROWTH, WITH SPEQAL 
REFERENCE TO THE GROWTH OF UMPETS 

By 

Ikuso Hamai 

Biological Institute^ Tdhoku Imperial University^ Sendai 
(With twelve figures) 

(Received May 19, 1937) 

Postulating that the ratio of the specific rates of growth between the 
body and a part of it or between any two parts of it is constant, it is 
found that when the^data of the relative growth are analysed, one or 
more breaking points in the curves are observed in the log/log plot of the 
two in many cases, e. g. in the limpets, PatelUnda grata, Patelloida conulus, 
and Patella vulgata, in some arthropods (Teissier, 1935 ; Paulian, 1936 ; 
Weymouth and Mackay, 1936), and in some fishes (Needham, 1935). 
These points are usually considered as those marking off biological epochs 
<rf growth. But it is originally possible to recognize the breaking point 
as a critical one in physiological significance, only in the case where the 
postulate to the effect that the ratio of specific growth rates between the 
body and a part of it, or between two parts of it, is constant, is known 
to be true. In any examination of the postulate, the question arises as 
to whether it is true as we expected ; consequently, it is necessary to study 
with accuracy the specific growth rate of a body or a part of it or of 
two parts separately. For these purposes, the growth of every part and 
of the body as a whole must be observed as a function of time or age. 
Hamai (1935) has proposed an ecjuation as one of those on which to base 
the formula of relative growth, y—ax'', in which the ratio of specific growth 
rates is constant. It may be, however, an approximate equation only 
fitting in with an early stage of growth, but not with the whole life. 

This paper » intend^ to establish the general application of Hamai’s 
equation by re-analysing the data of Abe (1932) relating to the limpet, 
Patelloida grata, those of Russell relating to Patella vulgata and the new 
data of the present writer'^ relating to Patelloida conulus, and as a con- 
tribution to die study of the relative growth of these limpets. The present 

'^Tbi* ^ pr«liniiutrily reported as annlyaed by the method of application of the equa- 
thw at the liidi Meeting of the Zoological Socieqr of Japan (Hauai, 1937). 
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writer wishes to express his sincere thmks to Prof. NoMUBA fbr his 
cordiri guidsnce and ho is also indebted to Mr. S. Nomuha of liri) Saitd 
H6-on Kai Museum for identification of the material spedes. 

EQUATIONS WITH REGARD TO RELATIVE GROWTH ON THE BASIS 
OF SPECinC RATE OF GROWTH 

Abe (1932) measured the growth of Petdloida grata and gave the 
smoothed curves of it. He showed that two phases of growth, one of 
which is earlier than and the other is later than about the 6th or 7th 
year of the age, may be found by logarithmic plotting of both the shell 
length and the age. This fact indicates that the equation of specific 
growth rate, 

(*) 

viz. the equation set by Hamai (1935), is not applicable tbrou^out the 
life of this limpet. Nevertheless, it seems reasonable to consider the 
growth curve as a continuous one. And, it has been found that die 

specific rate of growth calculated by the formula, where 

is a dimension at time t„, is at the next time A,+i, which corresponds 
approximately to that at time decreases in proportion to time 

in both logarithms. In these cases, the specific rates of growth were 
calculated from the probable smoothed curves in order to avoid the big 
deviations represented in the values of the measurements, espedaUy in 
later periods of age. Heights and breadths are calculated from the ratios* 
B/L, and {B+L)l2H, where B is breadth, L length, and H bright, as 
given in Abe’s tables (Fig. 1). According to these facts, an extended 
form is derived from equation (1), i. e. 

' (Z) 

From the point of view diat die specific rate ri growth decreases 
monotonously with succeeding growth, Lubwig (1929) has conridered four 
cases of the simple law of growth, i. e. 

A) R»jr(c-t) 

B) «-iiit(c"-») 

C) R-K/t 

D) 

K and c being constants, t time and x the growing mass, and noted that 
there are no other simple laws of grovrih, but that it is possible lou edisr 
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laws to conform to these four types. Equation (2) is a modification of 
(C) of these, a in (2) is a specific rate of growth at t=l. In the earlier 
paper of the present writer (Hamm, 1935), a in equation (1) was defined 



Fig. 1. Log/log plot of specific rates of growth relatively to time. 
o dry localities at Mourajima, ^ damp localities at Mourajima, • dry 
localities at Ohshima. 


as an index, which shows the decline of the specific growth rate in con- 
stant environmental conditions as regards its ecological significance. But 
in this case, by means of leading m, the significance of cc becomes difficult 
to 4efine, for both ct and m ought to vary with different environments, 
and it is, therefore, probable that a is merely taken as a specific rate of 
growth at i‘=l. In order to avoid confusion regarding the meaning of 
w, equation (2) is to be re-written as follows; 
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where e i> the base erf the natural lo«arithm> and A another coitsiMit 
In equation (4), being «>1, when and wh«i <-♦«», 

therefore, A is the final dimension. B^g m<l, when x^A^ mi 
when t^o9, «-^co, a is, dwn, the initial dimension, and in this case 
the final dimension is infinite. Equation (4) has an inflexion point at 
(ts=(m/r)"'~’", x—A^‘~"), when m>0 and m+i. 



Fig. 2. Curves exinretaiag eqiMtkm (4) tiavfaig different values for m and d^d(«iirvea. ' 


Weymouth «id his collaborators (1930 a, 1930 b) have analysed die 
growth of the mussels, SUiqua patuh and Cardiutn oorbu, (hi> the basia 
of the specific rate of growth, and proposed an equation of ff^owdi<~ 

( 6 ) 

They have proved that an inilexioii poitit of groyrth curve in like damp 
5t/tqua pt^la, does not correspond widi sexual maturity, and 4oes M* 
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HiidicRte Rtty ^sblogical significance, and assumes the validity of the 
law growth ficom Minot (1908) to Schmalhausen (1929, 1931), i. e. 
that the intensity growth due to an increasing proportion of inactive 
material hn the organism and othor causes is continually decreasing. 
ScHMAUIAaSEN asserts the validity of his law of progressive differentiation 
of the organism which states that the relative amount of indifferent cell 
deoteases in inverse proportion to time (age) in growing differentiated 
organisms: he maintains that the growth process, in which the specific 
rate of growdi (his ‘ die wahre Wachstumsgeschwindii^t ’) decreases gra- 
dually in inversely proportional conditions to lapse of time, may be ex- 
plained by the circumstances in which the law of progressive differentiation 
of the organism holds good. As regards Schmalhausen’s law of growth, 
in many cases, the whole process of growth must be divided into several 
cydes; it is, however, only natural in such a case that equation (1) 
shmld theoretically hold good. No theoretical foundation exists in equa- 
tion (i) or Schmalhausen’s law of growth as pointed out by Ludwig 
(1929), but it is empirically approximate. In the present case, of course, 
die inflexion point may have no physiological significance. 

As equation (4) is applicable in two dimensions, x and y, there exist 
dw fdiowing rdation between y and x: 

■ («> 

1— nil 

where the constants with the suffix 1 are related to x, and those with 
the snffix 2 to y, or in common logarithms 

logf-^mogoy-^dog^y (7) 

Equation (6) or (7) is a general form of the formula for relative growth, 
mien bt x k extremely smaller than In A „ 

Inf^klnAsd-d^^) 

V (8) 

Equaden (8) is die same form as die simple atlom^rical*^ equation 
‘ iam is proposed by Huxley and TEisttfiK (1036) with the same meaning 
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(Huxley and Teissier, 1936) and this may be applicable during dte perk>d 
of smaller size in the early stages of the whole life. As it may be possible 
to assume approximately <?=1, i. e. mi=m, during a short interval, the 
simple allometrical formula may, accordingly, be also applicable in a short 
range of x. At any rate, the equation, y<=aj^, is a special case or an 
approximation. This is also derived from equation (5) at the time when 
it is proved that the constant p (decline constant) is the same for the two 
dimensions, x and y. The applicability of equation (4) and (7) to the 
limpets, Patelloida grata, Patelloida conulus, and Patella mlgata, is shown 
in Tables 1, 2, 4, and 6, and Figs. 5, 7, 10, 11, and 12. 

In the study of relative growth, the ratio of the specific rate of growth 
comes into question, Its change follows the equation, 

Ha n .m.- /Q\ 

R, “ 7 , * 

where Ri, r„ and mj refer to the body or a part of it, as the standard, 
and Rt, r« and ni: to a part or another part. When the ratio At/A, 

increases with time parabolically ; when m,<Cffit, the ratio decreases with 
time hyperbolically ; and when m, = nit, it is constant during the whole 
life. That is, (m,— m.,) is an index indicating the conditions under which 
the specific growth rate of a part changes with time in comparison with 
that of the body or of the other part. Then, I propose the terms, positive 
relative growth for the case where m,— »B s>0, negative relative growth for 
the case where m,— «ia<C0, and in accordance with the terminology of 
Huxley and Teissier (1936) allometry for the case where nh-m—O, 
and in addition isometry for the special case of r,— r«. Intensity of relative 
growth is measured by the absolute magnitude of (m,— ntj). This has a 
characteristic of intensity constant of relative growth. This is, therefore, 
termed intensity index of relative growth, representing simultaneously an 
equilibrium of relative growth, as expressed by the equilibrium constant 
of Huxley and Teissier (1936), which is the same as rj/r, in a special 
case of mt—mt—0. 

Huxley (1932) dwived the simple biometrical equation from 

and (10) 

on the basis of three essential facts of growlfr, among which (1) growth 
is a process of self-multiplication of living substances, (2) the rate of self- 
piultiplication slows down with increasing age, and (3) it is mqch affect 
by the external environment, e. g. by tempm;ature and nutrition. He, then, 
considered that the two latter conditions affect all parts of die body 
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equally, so t}iat it may be suppo^ diat the growth rate of any particular 
organ is proportional simultaneously (a) to a specific constant characteristic 
of the organ in question, (b) to the size of the organ at any instant, 
and (c) to a general factor dependent on age and environment, which is 
the same for all part's of the body. 

These assumptions are only generally admissible. The fact, however, 
that the rate of growth in each part is not exactly proportional to a 
general factor dependent on age and environment, has been found in the 
present investigation, i. e. G is different in each part of the body. Further- 
more, another essential fact about growth is the addition of inactive 
material, e. g. in the shell-growth. This growth is, however, dependent 
on self-multiplication of the mantle tissues, if it is considered as a growth 
of the organism as a whole. Davenport (1934) has criticized Huxley’s 
theoretical justification of relative growth with reference to his studies on 
tadpoles, which indicate that their growth process is that of the imbibition 
of water for a considerable time, and he noted that the absolute amount 
of water added per day increased slightly during this period, hut this 
growth is not because the protein mdlecules increase, but possibly because 
the lyophilic properties of these molecules become more efficient, perhaps 
just through their dispersal by the imbibed water ; i. e. this is a qualitative 
rather than a quantitative change. Davenport has further stated that it 
appears that Huxley’s essential fact about growth is conceived too narrowly, 
and hence is not generally applicable. 

Huxley has replied to the criticism of Davenport viz. that growth 
involves increase in substances and that this increase, when the substance 
is alive, is fundamentally multiplicative and not additive. He conceives 
that the imbibition of water in tadpoles is only a special case, due to the 
fact that protoplasm is presumably highly concentrated in the egg, and 
that the first step in growth is mainly due to the imbibition of water. 
And he has cited the fact that water-content follows the law of allometry 
(Teissier, 1934). However, as stated also by Bernstein (1934), in almost 
all cases of growth, self-multiplication is generally combined with addition. 

Huxley has also noted that it might be expected, horn certain ex- 
perimental data, that the factor G would be a simple function of the 
deficiency in the size of the organism at any given time as compared with 
its final size; but this would not interfere with the validity of the more 
general formula. One cycle of growth obeys the logistic curve, e. g. as 
shown in Ahretrix merdrix (Hamai, 1935). The ratio of specific growth 
rates^ then; probably varies during one cycle of growth but it may be 
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deemed cyclic, as explained later, although the variation is fnehribb' 

A slight variation in ratio is found in MereMx meretrix (Fig. 3), Such 
a slight variation as this is often ignored, and in this case the leg/log 



0 100 too SOO 400 BOO BOO 


Tinm in day9 

Fig. 3. Curves showing cyclic changes of the ratio between the specific 
growth rates of height and length in Merttrix The stepped line 

is calculated from the actually observed values of each dimension. The thick 
line is calculated from the equations*. The dash-dot line denotes ayerage 
ratio according to the simple allometrlcal equation (Huxlbt’s k). 

plot of two parts makes, approximately, a straight Hne, but it does not 
cover two or more cycles of growth, because the ratio of spedfic growdi 

*In my earlier paper (1935), the constants of these equations are mispcinted.' They murt 
be corrected as follows (Italic figures). 

t OR * 

Length, 2nd cycle; te-|;|^-0;M40(t~96) 

3rd cycle: te^5^“-(>,0120(l-460) 

a— 1 7D 

Height, 3nd cycle! 

8rd cycle; In'j-g^^'»(h0118(t-“460) 

Weight, 2nd cycle; Jir|^“-a0i400-ili) 

8id cycle: 

The equations of the 3nd and 3rd cydes in hei|d)t and )inigdi ere need in this osdeidetkniv 
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Cities inoreases or decreases from one cycle to the next (Fig. 4). Con- 
ieqaendy^ the simple allometrical equation has no continuity in one or 



Fif. 4 Log/log plot of height againat length in Mentri* meretrix. 

I: g-0.900*««, II: g=1.032*»-«». 

more cycles of growth, and its validity is doubtful except as an approxima- 
tion. 

Richards (1935) has proved that the actual constancy of the parti- 
tion coefficient of Huxley [equilibrium constant in the new terminology 
(Huxubt and Tossibr, 1936)] may be examined only when the time 
component oi the growth measurements is known. Re-analysing the data 
of Jackson (1909), of Twitty, and of Moment (1933), he called atten- 
tkm to the fact that in the analysis of growth the underlying reactions 
wfddt may change with time must not be neglected, and that the use of 
a shi^ average value of the partition coefficient is, in many cases, an 
ttniustffied ovweimplification which prevents further elucidation of the 
growili of the (urganism. Davenport (1934) has also eonduded that 
**:&e suggeation has arisen that if the curves of growth of the two 
'dhsflttttanl. to be compared be plotted oh ordinary graph paper, p, size, 
{dotted agaii»t «, time, the comparison of the tangents of their 
aMan at mgr age would give the relative growth ratio at that time: Or, 
ihe irdiittiMi giravtfh of the two curves may be expressed by comparing 
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tbeir differential equations for any desired values of t.” 

Weymouiii and Mackay (1936) are of opinion that the method of 
analysis by means of the simple allometrical formula makes possible the 
detection of the changes of form which occur at certain physiological 
periods, notably that of attaining sexual maturity. It is a weU'known 
fact that changes of form in the animal are correlated with sexual maturity, 
but, in a case in which these changes are monotonous and have no abrupt 
point in the alteration of the equilibrium, it is difficult to determine the 
size at which certain physiological periods occur, unless the physiological 
phenomena are observed together with the growth. In fact, Dawes and 
Huxley (1934) have said that it must be left undecided whether the 
temporary increases of the relative growth ratio of the nipper ‘is associated 
with sexual maturity or not, and whether the very rapid decrease in the 
rate of growth of both claws, after attaining a certain size, is a pheno- 
menon of post-maturity, — as seen in the secondary sex characters of 
Gammarus, - observing that the relative growth ratio of crusher and nip- 
per changes generally diminishes with the growth period in the male of 
the pistol-crab, Alpheus derUipes. Recently, Huxley (1936) and Day 
(1936). have observed that in the shore-crab, Cardnus moenas, the ratios 
of several parts, the abdominal limbs and the abdominal segments, gradu- 
ally change from immaturity to maturity. According to their data, it 
appears that it is the alteration of the growth-centre that is important 
rather than the changes in the ratios themselves. 

From the point of view of an assumption that all the organs in the 
same individual absorb the substances which sustain their maintenance and 
growth in the same environment of blood, and that, in the distributi(m 
of nourishment, they show an unequal need for this according to their 
nature and to their mass, certain hypotheses have been establi^ed by 
Teissier (1934, 1936) on the magnitude of ^his need; i. e. in the first 
approximation, it is possible to admit that the quantity of nourishment 
absorbed by an organ in a given time is proportional to the mass of this 
organ and to the total quantity of nourishment consumed during the same 
time ; on the other hand it is possible to suppose that a definite fractioB 
of the nourishment is disposed of in the growth of Ae organ. These 
hypotheses are written as follows, * being the mass of the organ, u the 
quantity of nourishment absorbed by this organ, U the quantity of 
nourishment available to the organism as a whole, and and iJ* b ei f t g 
constants : 
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dx=Xidu 

(12) 

hence 

dx^^Mudt 


for other organs in the 

same manner: 



dy=/i,/^^Udi 


Then 

1 dy /jiitio 1 dx 

y di X dt 

(13) 

or 

y=Kiil‘, K=const. 

(14) 


These hypotheses generally appear to be probable, but as regards (12) 
the increase of the mass of organ this increase is not only proportional 
to the quantity of nourishment absorbed by this organ but to the mass 
of the organ at that time or to age factors. Gray (1929 a) has analysed 
the embryonic growth of the fish, Salmo fario, with regard to the yolk, 
and, considering that at any particular moment the yolk which is passing 
into the embryo is being subject to two distinct processes, i. e. (1) to 
maintain the respiratory and other katabolic processes of the tissues, (2) 
to form new tissues, he assumes that 

(15) 

where x is the dry weight of the embryo, u the amount of dry yolk 
available, an average value of the amount of yolk required for main- 
taining the embryo, per gram of embryo, and k a constant. In fact, he 
has shown that the efficiency of development between the 5()th and 80th 
day of incubation is constant, about 0,63 in Salmo fario ; and furthermore 
attention is drawn by him to the fact that the elliciency of development 
of various types of animals is of the same order of magnitude (Gray, 
1927). From these assumptions, the growth relation of the embryo with 
the yolk is obtained as follows : 

, y ttO + ^2 

«= tto - tt - 

whwe «o is the dry weight of yolk in the newly fertilized egg, arid kt is 
a constant which alters with the temperature of incubation. It was shown 
that this equation holds good for the observed values. 

From the facts above-mentioned, it may be possible to say that the 
analysis of Ghay is more rdiable than that of TeienSier in the point ^at 
the mass of the organ was considered, although the former’s assumptions 
regarding the total growth of the embryo may not be applicable, as they 
4o not ^nd to a single organ in the post-natal development. 

If it is posable to suppose, empirically, that V, the quantity of nourish- 
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ment available in the organism as a whole, is repressed as a function 
age, and, also, tihat tha% exists 

dx=^itfit)du 

with expression by the age factors instead of the mass factors, and fur- 
tiler that 

then equations (3), (4), and (6) can be derived from these assumptions. 

In recent years, Bektalanffy (1934) has attempted to determine tiie 
metabolism-constant * (viz. exhaustion per unit of weight, per unit of time) 
from the growth equation, which is 

dx 

-at =90-** 

where x is the weight, o the surface area and ^ tiie constructed mass in 
unit of weight per unit of surface area. Hie values of x calculated from 
the growth equation coincide with those determined by other physiological 
experiments in the case of mussdb, crabs and fishes. But, as also stated 
by Gray (1929 b), the conditions of growth are extremely complex, and 
it is difficult to express the growth rate of the organism and its organs 
in terms of rational units. Graphical treatment of the data underlying a 
typical growth curve is liable to result in errors of considerable magnitude, 
but the first approximation method . is to be regarded as an empirical 
expression. The rate of growth of an organ is d^ndent on that of the 
other organs; it is, tiierefore, intrinsically difficult to express the behaviour 
of such a complex system. 

PERIODICITY OF GROWTH 

Russeix (1909) marked the limpet. Patella vulgaUt, on Dec. 31, 1907, 
in a bay near the Qoch, at Gourock in Scotland, and measured its growth 
from month to month during 1908. When hia records were rearranged 
in the order of year-groups, an outline of its growth was obtained (Fig. 
5). The growth during one year shows generally a sigmoid curve (ui 
found also in the case of Meretrix meretrix, and of Nerita jt^ponioa (Suzu- 
ki, 1936), etc. The growth processes of insects and cnntaceans are pos- 
sibly recognized as special cases td the sigmoid curve proving that rtqiid 
growth occurs morphologically at the time of their moulting. 

It has been noted by RussEU. that tiie breeding season of PakUi 
vulgata extends from July to December or to January, and by OmoM 
(1928 a) that it may extend from August to Mansh at Hyinouth In diB&- 
ferent seasons, and spawning may occur witiifigt this period. Chrvtoil has 
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j^lrtber noted titat the maximum degree of spawning appears to occur 
idwat Januaiy'Februaiy and that shell-growth is general at the end of the 
breeding season. As mentkmed above, the breeding season may extend 
eo widely, that its limits may not be exactly determined in Russell’s 



Timm in yman 

Fig. 5. Growth curves of Patmlla vuigcUa, 

records; therefore, for convenience, June 27 was taken as the starting 
for calculations in applying equation (4). The most probable 
measnrements at the same date with the largest number of observations 
in his records were used fai dm calculation. Strictly speaking, although 
a oertiin time phase obeys the equation, another time phase may not 
eiam% but Otdy eppi^inately follow it. It is, however, shown diat the 
crttifs in sppbdng die eviation are precdcally very small in any time 
idMiML- Tlie values of R obtained by this caloulatkm in every time phase 
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does not coincide with the true specific rate of growth at that moment, 
but express the rate of annual change. 


Table 1. 
Patella vulgata. 



Year 

June f 

1 Sept. 

f 

Oct. f 

Oct. f 


group 

27 

i 2 


1 

31 


1st 

1 18.6 33 

24.5 

30 

26.7 30 

27.9 24 



18.6 

24.5 

1 


26.5 

27.9 

Observed and 

2nd 

1 32.7 17 

36.1 

16 

37.1 13 

38.0 13 

.^2.5 

35.4 

1 


36.8 

37.7 

ralculated 





(Italic figures) 

3rd 

' 40.3 4 

: 42.5 

6 

43.2 6 

43.4 6 

values 

40,8 

43.0 


43.2 

43.9 


_ 

4th 

47.0 1 

: 48.1 

3 

48.2 3 

i 48,3 3 



46.4 

i 47.8 


47.6 

48.1 


m 

i 1.637 

1.683 

' ' 

1,550 

1.546 

Constants of 
equation (4<) 

r 

0.990 

; 0.824 


0.751 

88.1 

0.736 

88.1 

A 

* 88.1 

j 88.1 


Mean of percentage de- 

1 



" i 

0.401±0.044 

viation of observed values 

! 0.303±0.037 

0.736±0.080 

0.718±0.027 ! 

from calculated values 






The constants m and r vary little by little from one time phase to 
another, and they should oscillate theoretically with a definite amplitude, 
but the constant A ought to be always the same. The period of this 
oscillation is one year, and from the maximum to the minimum is the 
growth period, and the other period may be considered as the period of 
rest, during which the growth rate is very small or zero. A point touch- 
ing the axis of the 
oscillation, viz. a node 
of vibration during 
the growth pmod, is 
that showing the 
greatest rate of 
growth. The part of 
the oscillation during 
the rest period ap- 
pears merely in the 
transition of time, 
and its variation has 
nothing to ^ with 



Fir. 6 . Curve expreating the oteiilatioo the 
constant m. Points are observed values. 
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the growth-rate. In practice, slips may more or less occur, as seen in 
the ratio of specific rates of growth (Fig. 3). 

In the course of growth, the change of (mi— m 2 ) reveals that of the 
ratio of specific growth rate, as has been formerly stated. When m, and 
m 2 oscillate in such a way as mentioned above, (mi— mg) must necessarily 
oscillate also. This fact indicates the change in the ratio between two 
specific rates of growth in different parts, and it has been already analys- 
ed in the case of Meretrix meretrix by the method of applying the 
allometrical equation, and further ascertained at present by the specific 
growth rates themselves (Fig. 3). The existence of an arrest of growth 
in midsummer in Patella tmlgata has been detected by Orton (1928 b). 
In this case, the existence of an arrest of growth ought also to appear 
during the periodical change of m or (m, — mg). 

PROBLEMS OF VARIATION 

A group of the same age has, to some extent, a variation in size. 
Now, the law of growth, as shown by equations (3) and (4), is one of 
those concerning the mean values of each age-group. When, therefore, 
the variation in size at the same age is considered, the applicability of 
equation (6) or (7) to all the variations may not be warranted, except 
for the mean values at each age of the group. The relation between two 
dimensions in an age-group may not always be parallel to the relation 
tracing the mean values at all ages of the groups. The proof of this 
fact will be given later. Anyhow, a suggestion is given by the fact, that 
the specimens of Patelloida conulusy larger than the mean value of the 
last age treated in the present investigation, slip out of the curve (Fig. 12). 

GROWTH OF THE LIMPETS 
/. Patelloida grata 

The growth of this species has already been analysed by Abe (1932), 
and re-analysed by the present writer as shown in Table 2. 

//. Patelloida conulus 

BUetloida conulus is a small limpet and in the majority of cases, is 
found attached to the shell-surface of a gastropod, J3a^t7/ana multiformis. 
In one case only, it was observed, attached to the shell of Littorina 
iUUorivaga) bmiculCf in Matusima Bay. 80 specimens were collected on 
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Sept. 11, 1935 at Haditto*ga*l]ra, Miyato Island in Matusima Bay. 
largest among the specimens obtained was 7.7 mm in lengA and 
smallest 2.7 mm, but the two largest specimens were omitted from s< 
tkal treatment because of the defacement of the apex in eadi case. 


Table 2. 
PaUUoida grata. 


Habitat j 

m 

r 1 

1 

A 

Mean of % 
Deviation 

Mourajima 
/dry liKalities) 

Length 

1.376 

0.8021 

49.61 

2.18±0.02 

Breadth 

l..')26 

0.7861 

51.68 

2.20±0.06 

Height 

1.111 

0.8523 

3945 

a.MdbO.OT 


Lafiglh 

2.123 

2.397 

34.19 

2.88±0.17 

Mourajima 
(wet localities) 

Breadth 

2.276 

3.108 

27.88 

2.91±0.18 

Height 

1.442 

1.314 

40.36 

3.61 ±0.20 

IShshima 
(dry localities) 

Length 

3.289 1 

1 7.897 

19.16 

3.92±0.04 


Moma/ima — dry Myumftma — damp OhMma — dry 

locaiMt laetdiH 0 $ IocoMm 



Fig, 7. Growth curves of PaiMoida grata, o lengdi, x breadth, 4 * hei|dit 

The differences between the largest and the mallest spedmene ifiMe 
4.1 mm in leng^, 3.3 mm in tveadth and 5.9 mm in he^ht Whuai afl 


If? 
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the specimens were arranged, respectively, according to a difference in 
each case of 0.4 mm in length, 0.3 mm in breadth and 0.6 mm in height, 
three modes of frequency were recognized clearly in height, and slightly, 
in length and breadth at the points in the order of gradation (Fig. 8). 


Length, Breadth, and Height in mm 
i 2 3 4 R 6 7 8 



2H 

Fig. 8. Frf‘(|U»*nry polyiiKons of si/t'-groups in Patelloida conulus. I, II and III 
are deemed age-groups. Om* (Hvision of tlie frequency sc*ale cosresponds to one in- 
dividual: the right scale for the polygons, and the left for each dimension actually 
measured (thick lines). 


All the specimens therefore were divided into three groups, according to 
their respective mode. The number of specimens is not adapted to the 
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applifiation of statistical treatment, nevertheless, the grouping is clear and 
each group follows the number of the rings of the growth line in the 
majority of specimens, i. e. group 1 has no ring, group II has one and 
group 111 has two ; in the other specimens the ring was not clearly marked 
(Fig. 9). The results shown by the ratio {L vB)l2ll which has been 
used by Orton (1928 b) in his study of the* growth of the limpet. Patella 
vrdgata, as an index to show the variation of the shell-shape, and which 
has been observed to change* from age to age by Abe (1932) in the case 
of Patelloida grata, are also clearly grouped in three. These three groups 
may, therefon*, b(‘ understood as the age-groups. As the mean values of 

the respective age are unknown, an 
attempt was made to apply equation 
(i) to each dimension, taking the 
modes in length and the corresponding 
values of breadth and height as the 
representative values of respective age 
(Table 4 and Fig. 10). 

Table 3. 

Patelloida conulus. 



Fig, 9. Pholograpli of Batelloida 
cnnulu^ of respective a^c. x2.3. 


Hang(‘ 

of UMiftth 1 

1 f 

2.6 

- 2.9 


1 1 

3.0 

- 3.3 

j 

8 

H.4 

- 3.7 


1 5 


- 4.1 


5 

4.2 

4.5 


5 

4.6 

- 4.9 


8 

5.0 

5.3 


7 

.5.4 

- 5.7 


9 

5.H 

- 6.J 

1 

13 

6.2 

- 6.5 

1 

12 

6.6 

~ 6.9 

1 

5 


aver, of 

aver, of 


breadth 

2.70 

2.20 

3.18 

2.55 

3.46 

2.76 

3.88 

3.08 

4.44 

3.68 

4.74 

3.85 

5.14 1 

4.20 

5.53 1 

4.36 

5.94 1 

4 . 65 

6.39 1 

4.95 

6.66 

5.08 


av<*r. of 

aver, of 

height 


J.40 

1.750 

1.65 

i 1.745 

1.78 

1.7.56 

2.26 

1.548 

2.70 

1 ..586 

3.00 

1.434 

3.47 

i 1.391 

4.28 

1.201 

5.16 

1 1.033 

5.62 

1 1 .021 

6.14 

i 0.964 


According to the constants calculated, it may be said that the height 
maintains the specific rate of the early stage of the period of growth 
almost without loss; on the other hand, the breadth loses most rapidly 
but has the highest rate among the three dimensions in the earliest age. 
The curve of height is a case of m'\l. The shell of group III is 
extraordinarily thick in comparison with that of the other groups. 
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III. Bdative growth 

The traiMition of die specific 
rate of growth niay be tnaasured 
by die con^nts (r»i— mt) and rt/n. 
PtM signifies an early state instead 
of the initial ratio which is unknown 
at present. From this point of 
view, it is found that, in the case 
of Patelloida grata, the breadth 
shows a slight negative relative 
growth relatively to length in damp 
localities but a very slight, positive 
or almost simple allometry, or 
isometry in dry localities, having 
a higher ratio in early stages in 
damp localities than in dry : height 
is positive relatively to length in 
both kinds of localities, but in damp 
places it is more intense, having a 
lower ratio at an earlier age than 
in dry places. 

PeteUoida conulta shows a more 
intense, relative growth compared 



Ag0 

Fig. 10. Growth-curves of PatelUnda 
conuluB, L length, B breadth, H height 


Table 4. 
PtUelloida coniUus. 


t 

Length 

obe. cal. dif. 

Breadth 

obs. cal. dif. 

1 

Height 

obs. cal. dif. 

1 - 
2 
i 

3.18 3.U 0.04 

4.74 4.78 -0.04 
5.84 5.06 -0.02 

2.55 2.50 0.05 

8.85 3.88 -0.03 

4.65 4.70 -0.05 

1.66 1.67 -0.02 

3.00 3.00 0.00 

5.16 5.10 0.06 

m 

1.096 

1.504 

0.1802 

f 

1 0.615 

0.747 

0.625 

A 

1903 

11.03 

0.7800 


tddi P. grate in hank dimoisions, breadth and beigiH, rdadvdy to length. 
It ^ be elaarily detected, at first sight of this apeties, diat the height 
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Table 5. 


Species 

1 ftelation 

1 mi— mo 

1 filn 

PateUoida grata 

B~~L 

-0,153 

1.297 

(Mourajima — damp localities) 

1 

H—L 

0.681 

0.548 

PateUoida grata 

B-L 

0.060 

0.980 

(Mourajima — dry localities) 

Ji—L 

0.265 

1.063 

PateUoida conulus 

B--L I 

-0.408 

1.214 

H'-L 

0.916 

1.017 


Table 6, 

Relation of Two Dimensions. 


Species 

Helation 

k 

d 

Mean of % 
Deviation 

PateUoida grata 
(Mourajima — wet localities) 


1.163 

1.355 

1.136 

0.3933 

0.72±0.07 

2.76±0.11 

PateUoida grata 
(Mourajima — dry localities) 

B—L 

1.118 

1,097 

3.422 

3.444 

0.8682 

0,8334 

0.2944 

0.2962 

1,00±0.02 

0.21±0.02 

3.«3±0.06 

2.24±0.<ff 

PateUoida cotmluB 

B--L 

2.99xl0-» 

-2.07xl0» 

5.25 

-8.54 

1.09±0.07 

2.41±0.11» 


The Italic figures are those of calculation by means of the method of least squares 
with A-values in Table 1, applying the formula, 

log^hg-^-^=hgk+9log^log^^^ 

*The mean of percentage deviation for the observed values except of the two 
largest in Table 3, which do not quite fit in the curve. 


becomes markedly greater with the increase of age in comparison with 
the length (Fig. 9). The ipore vigorous relative growth may be consi- 
dered as an adaptation to the environment, in which they live attached 
to a narrow surface of the shell of BatiUaria in this respect differing 
markedly from the case of Potelloida grata which lives attached to rocks, 
and the relative growth of which is less vigorous than diat of P. conulus. 
In the case of many other limpets, e. g. PateUoida schrenckHr P- coocinria, 
P. pygmaea, P. grata and PtOella Iwhmma and Cellana n^golineata, C. 
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tantunOi C tueomiaf etc., the sheH is symmetrical to the antero-posterior 
•lltf, hot in ikutdloHi eomtlus it is spirally twisted to the left ; hence, iH 
many niher Ihnpets, the plane containing the shellnmargm. is convex upwards 
9t nlmoM even agamst the antero>posterior axis, but, in this species, it is 



Fkg. 11. Curves expressing the growth-relations in Potelloida grata, 
B breadth-length relation, H heigt-length relation, o damp localities at 
Mourajima, 4 dry localities at Mourajima. 


convex upwards against an axis oblique to the antero-posterior (cf. thi 
dtell-margin in Fig. 9). The twist of the shell-margin of P. conulus seem 
to be correlated with the conical shell-surface of BaHUaria as a result o 
aw habit of the former to attach itself to the latter animal. 

The environment, in which P. convlm grows, is a sandy beach betweei 
bi|^ and low water levels in Matusima Bay, so that it is, periodicall> 
euhject to the effects of desiccation and of dampness. According ti 
OrtoM (1^ b) atad Arb (1932), the shell-height ci PtOella tulgata am 
fkMhida gtfUo is greater in a dry than in a damp habitat Hie anatysi 
«jf Am’s data, however, shows dearly, that the rdative growth of heigh 
lOngth inoreases more rapidly in a damp than in a dry sitoatioi 
Ir Uie oM ages, these facts are not contradictory, but give a rather mon 
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It has been suggested by Orton that the desiccation factors are ifio^ 
effective in causing shell-variations in different habitats, and tiiaS wave* 
action plays only a minor and secondary part in controlling shell-hetght. 
It has been further noted by Orton (1929) that the behaviour of Paidla 

vulgata is affected by oceano- 
graphical and climatic factors. 
More evidence, concerning the 
effect of the level on which the 
animal live, is given by Ino 
(1935) and by Suzuki (1985) in 
the case of Cdlam tomima. 
They have stated that the higher 
the level from the datum level, 
the graeter the height and the 
breadth. From this evidence, 
the conclusion follows that it is 
possible that desiccation or damp- 
ness affects the growth of 
limpets. Ino conceives that there 
is also an effect of wave- 
action. 

Russell observed in Patdla 
vtdgata the changes of L/B, LfH, 
BjB and Ab/Af, where Af is 
the distance in a straight line 
between the apex and the ante- 
rior margin and Ab the distance 
between the apex and the 
posterior margin, and found that the breadth and the height Iracome 
greater relatively to the length, that Ab/Af becomes smaller from the 
smaller to the larger length group, Rpd that the apex shifts gradually 
backwards. The difference of growth between the anterior and posterior 
margin is also true in the case of PatelUnda conulua, i. e. the anterior 
margin grows rapidly, and the apex shifts graduRUy backwaids (Fig. 9). 

It has been noted by Ressell that the first sexual maturity is attained 
at a length of 20-25 mm and that there is marked fall in the rate ipf 
growth at 25 mm to half what it was at abtMt 20 mm In the case of 
Patella vulgata. Acwrdtng to Orton (1928 a), changes in sheli-shape 
occur at 25-35 mm at Plymouth in Patdla, and are coinddent with the 



Length in mm 

Fig. 12. Growth-relations in PatelUnda 
couulus, B l^readth-length relation, H height- 
length relation. 
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changeover in wx-proportions. The sex phenomena in Patelloida are at 
pireecmt unknown, and the effects of these on the shell-growth are, accord- 
ingly, nof evident, and call for further investigation, because it is impos- 
aime to deduce them from the growth-curve. 

SUMMARY 

1) The growth of the limpets has been discussed on the basis of 
specific rate of growth. 

2) The growth of the limpets obeys the empirical equation, 

1 j — 

R,=lJ=rt-’“ or x~Ae^-”* 

X M 

where x is a growing dimension, e. g. length, height, or breadth, r is a 
specific rate of growth at the time m the decline constant of speci- 
fic growth rate, and A the final size when m>l or the initial size when 
e being the base of the natural logarithm. 

3) The simple allometrical equation is derived from a special case of 
m~ J. 

4) The change in the ratio of specific growth rate is expressed by 
the formula, 

in which (mi— wig) is the intensity index of relative growth. This growth 
is positive when wi|—wis]>0, and negative when m,— 7ng<C^, and allome- 
trical when wii—wig—O. 

5) The relation between two parts obtained from the growth equa- 
tions of each part, viz. 

6) The periodicity of growth, viz. the change of m and (m,— m*) in 
different time phases, has been discussed. 

7) The relative growth of height relatively to length is positive in 
Pattiloida grata and Patelloida conulus, and that of the latter is more 
intent than the former. 

8) The relative growth of breadth relatively to length is negative in 
PatidMda conulus and in Patelloida grata which grows in a damp situ- 
atibn, dighdy positive in P. grata in a dry situation, and that of P. conulus 
is more intense than that of P. grata. 

9) The. comparatively intense relative growth in P. conulus seenis tq 
be correlated with the environment, viz. the porthm of tibe narrow surface 
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of Ae sheU ti Batilknia, to whidi it attocbea itself. 

10) In the case P. oomdua, die growth rate of the anterior unigjn 
is more intense than that the posterior margm. 

11) A relationship between the variation in size of die sanie age^ 
group and the growth curve is suggested. 

12) A relationship between growth-rate and sex-phenomena has been 
left for further investigation. 
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SYMBOLAE ITEOLOGICAE III 

Auctore 

Arika Kimura 

Instituto Biohgiae Tdhoku Univers’tatii Imperialis Sendaien$is 
CCum 6 tabuliii et 9 Bguris in textu) 

(Opus acceptum d. XXVIII m. Maji a. MCMXXXVII) 

18) xSalix cremnophila'^ Kimura hyb. nov. (Fig. 1, 2 & Tab. Ill, IV). 

=Salix gracilistttla Miquel x S. japonica Thunberg. 

Frutex ratnis ramulisque primo declinatis deinde longe procumbentibus. 
Ramuli hornotini virides primo minute pilosi dein glabrescentes, basi circa 
insertionem barbati mox glabrescentes, novelli pubescentes; annotini gra- 
ciles elongati glabri nitiduli castaneo-brunnei. Rami brunneo-virides deinde 
cinerascentes. Cataphylla sterilium ramulorum elliptica ad oblonga, utrin* 
que obtusa, margine integerrima vel sat obsolete serrulata, supra viridia 
glaberrima nitentia, subtus dilute glauca nunc dense nunc sparse adpresse 
villosa, prima 12-13x4.5-5.5 mm, proxima 14-18 x 5.0 -5.5 mm magna, 
superiora majora. Folia receniissima convoluta, brunnea, utrinque pilis 
acroscopicis adpressis villoso-sericea eundem in modum ut in 5. japonica. 
Folia adulta chartacea, interstitiis 1. 7-3.0 cm longis dissita, oblonga vel 
oblanceolato-oblonga, ^ fere sub apice vel medio latiora in superioribus, 
apice acuminata, basi margine convexo late vel subcuneatim acuta, margine 
tenuiter reflexa crenato*serrata, serraturis glandulis cartilagineis mucronuliitis 
praeditis medio folii 2-4 pro 1 cm, sursum condensatis, deorsum laxantibus, 
ima basi integerrima, supra saturate viridia nitentia stomatifera, subtus 
dilute glauca, utrinque costa excepta glabrescentia, 10.5-12.5 cm longa 
3. 1-3.7 cm lata, 3.0~3.6'plo longiora quam latiora; costa pallide viridi, 
supra convexa pilis minutissimis directions variis pubescente, subtus vehe- 
menter prominente pilis adpressis acroscopicis pilosa; nervis primariis 
utroqup latere 12-14, a costa sub angulis 40°-60‘’ proficiscentibus, supra 
in sicco planis subtus acute prominentibus, arcuatis et sursum tenuioribus 
ante marginem flexuosis, secundariis subtus elevatis sat tenuioribus .sub- 
parallelis crdbris inter primarios transversis quasi modo gradlistylae, 
intermediis 0-2. Folia inferiora minora iigura plerumque elliptico<»blanceo- 
lata, apice acuta vel in acumen breve producta, basi acuta, margine 

GE wopulM et amo. 
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obsolete crenato-serrata, supra juxta nervos pardssime vel vbc stontMifera, 
subtus caesia, utrinque praeter costas fere glabra, nervis secundariis et 
tertiis reticulum minutum formantibus, quae nota plus minus 5. yopof^nt 



Fig. 1. Sah* cremnophiltt Ktmvm 
A Flos 4-- B PmUIIubi cum gUnduU • laUre. 
C BracteoU a dono. 


revocat. B^oli semiteretes, supra rubri pubescentes basin versus sulcati, 
subtus conveii virides glabri 1.2~1.7cm longi. Stipuhe semicordatae vd 
oblique ovatae, apice acutae, margine denticulatae, supra virides adpresee 
pilosae demum bad excepta fere glabrescentes, basi pauei-glandoloiae, 
subtus dilute glaueae ab initio glabrae, in ramuHs vemalibus minores, in 
vegetis 7-12 mm longae 3-5.5 mm latae. AmetUa praecoeia eyiindrica 
curvula primo saepe nutantia, apicem versus paullatim angustata, apioe 
obtusa, densiiiora, vilbsa, fdiato-pedunculata, 3-4 cm longa 6-8 mm crassa ; 
pedunculb 3-5 mm longis piHs albis viHoso-serioei^ CataphyBa pedunouli 
2-4, elliptica, ovato* vel oblongo^pticB vd oblonga, apkie obtusa, basi 
sessiHa vd subsessiHa, mafgine integerrima, supra vfaridni glabevrima idtem 
tia, subtus dibite glauea, adpiesse viQoso-sericee, 8x3, 9x3,5, 10x3.7, 
13 X 4.5 mm etc. magua. Bmcteoku effiptioo-laiiceolatae, apice angiMtil&> 
acutae, dimidia superioro nigr^ medio paHfciae, basi paHide 8uiio»vMcteB|, 
in expansioiie 2.7-3.0 mm longae l.O-l.l mm latae, utrinque p8ii albis 
rectisque longe' vSosae. GMuuMa una ventralis obbmga tnuacata Avsa<k 
viridis 0.9-1.0mm longa. OeoHe sub iStttlies! riridfcs e turgida bad degaete 
oonba in stylum angustata, 1.6-1.6mm longa, 0.7mm crassa, ^indlMs 
inferiore parte serieea; stipitibus g^bris O^lMn lungis; d|lil filgforadbtm 
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1.4-1. 5 mm longis, flavo-viridibus, ovaria longitudine fere aequantibus. 


Stigmata oblonga pallide flavo-viridia, 
tegra 0.6-0.7 mm longa. 



Fifi. 2. Salix cremnophila 
Kimura. Folium adultum norvu- 
turam monstrans. x 1 , 
i Physiotypiu ) 


commissuralia, divaricata, apice in- 



Fi^. 3. Salix hikawae 
Kimura. Folium adultum 
nervaturam monstrans. x 1. 
CPhysiotypia ) 


Nom. Jap. Neko-siba-yana^, nom. nov. 

Hab. Japonia. Honsyu. — Frov. Sagami : in ripa fl. Sakawagawa, 
Hukusawamura-Koiti, (A. Kimura n. 23(>7 st. [typus] 16 Maio 1935 in 
Herb. A. Kimura). - Prov. Rikuzen: Sendai, cult., (A. Kimura n. 2688- 
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clonotypus [typus floris] fl. 10 Apr. 1937, fol. 28 Oct. 193(5). 

Stirpem originaleni in praerupta ripa fluminis Sakavvagawa crescontem 
inveni in viculo Hukusawamura-Koiti, hand procul ab oppidulo Yaniakita. 
Surculi ex qua lecti sub n. 2688 nunc in saliceto nic'o Sendaiensi culti 
sunt. Existimo vero banc salicem hybridani esse inter S. grad li sty larn 
et S. japonicam, quae in classico loco vicinoquc baud raro una inveniri 
possunt. Ab ilia babet foliorum figuram nervatiiram serraUiram, costam 
subtus pilis acroscopicis obsitain, adultorum paginam supra stomatiferam, 
stipulas magnas semicordatas, amenta villosa praecocia, forinam indumentum 
colorem bractearum et longitudinem maximam styli. Hanc autorn polissimc 
demonstrant rami tenues primo eleganter declinati, apex folii saepe sub- 
producto-acuminatus, amenta primo saltern non raro nutantia, n(‘c non 
catapbylla pedunculi bene evoluta. Glandulae (igura et indumentum ovarii 
tamen inter parentes fere media. A S. grad listy! aide Kimuka, cui babitu 
et ceteris notis non absimilis est, differt : bracteolis extus minus dense 
villosis, ovariis dimidia superiore glabris et brevius stipitatis. 

19) xSalix Isikawae KimijKA byb. nov. (Fig. 8, 4 & Tab. V, VI). 
= i^Salix sachalinensis Schmidt xS. alnpochroa Kimuka.'^ 

Frutex 2 m altus, ramis ramuliscfue erecto-patentibus vel ads(!endentibus. 
Ramuli graciles elongati nitiduli, hornotini autumno viridi-brunnei glabri, 
annotini primo vere fusco purpurei glabri, novelli pilis crispulis minutissimis 
pubescentes, mox glabrescenl(»s. Rami fusco cinerei. Gemmae, amentiferae 
oblongae obtusae fusco rubrae pilis adpressis minutissimis puberulae vel 
fere glabrae circiter 7 mm longae vix 8 mm latae ; foliiferae amentiferis 
aequiformes et concolores circiter 5 mm longae vix 2 mm latae. Cataphylla 
sterilium ramulorum elliptico oblonga ad oblongo-ol)lanceolata, apic(' obtuse 
acuta, maigin(' obsoletissirne crenato-serrulata, sessilia. supra costa circa 
basin minutissime puberula excepta glaberrima, subtus adpresse all)o-villosa, 
villis marginem superantibus, 7 x 2.5, 8x8, 1 1 x 8.5 mm etc. magna, prima 
et proxima lateralia. Folia recentissinia utrinque tomentosa, e vernatione 
relaxata margine infero revoluta ad modum S. sachalineTisis Schmidt. 
Folia adulta superiora chartacea interstitiis 1.8-2. 8 cm longis dissita, Ian- 
ceolata fere ad medium latiora, apice gradatim angustato acuta vel acumi- 
nata, basi margine leviter convexo acuta, 8-12 cm longa, 1.7-2. 5 cm lata, 
4.5-5-plo longiora quam latiora, margine crenato-serrulata vel -denticulata, 
dentibus in medio folii 8-5 pro 1 cm, apice folii crebris basi obsoletis, 

‘^Salix alopochroa Kimuka .sp. no\.-^ Salix vulpina {non Andekssonj Auct. ox regionibu.s 
Kinki, 'lyugoku, Sikoku, Kynsyu. Ex a/wno-xpooc, vulpini-coloralus. 
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Mipta glabra nitidula saturate viridia impressinervata, infra glaucina pwroe 
pilosa, denum fere glabrata ; costa supra purpurascente plana vel levissime 
oMurexa, bafin versus tatimitissime pubescente, subtus pallide viridi pro* 
mineitte secos utrumque latns 
f^oaa; nenris primariis suinra 
impreasis subtus prominentibos, 
utroque latere 13-17, leviter 
areuatis a costa sub angulis 
50°-60* cUvergentibus, secundariis 
tenuibus subtus devatis inter pri- 
marios transversis subparallelis, 
inteitnediis 1-3 sub angulis lati- 
oribus exeuntibus. Folia inferiom 
ramulorum minora, oblanceolata, 
apice acuta, basi subcuneato- 
acuta, supra fere glabra, subtus 
sericea. Iktudi supra purpureo- 
rubri leviter canaliculati pubes- 
centes, subtus pallide virides fere 
^bri, ad 0.9 cm longi. Stipalae semicordatae, apice acummatae, margine 
dentkulatae, supra virides glabrae basi glanduliferae, subtus glaucinae 
paroe pflosae vd glabrae, 4-10 mm longae 2.5-4 mm latae. Amenta 
coactanea oblongo-cylindrica densiflora villosa 1.7-2.8 cm longa 0.7 cm 
crassa, rbadiidibus pubescentibos, breviter foliato-pedunculata, pedunculis 
viBods ad 0.6 cm longis, cataidiyllis 3-4 forma magnitudine indumentoque 
Us sterilium ramulorum simillirais suffulta. Bracteolae ellipticae, apice 
ehturissBiiae, dimidia superiore nigrae, inferiore pallidae circiter 1.5 mm 
longae 0,7 mm latae, utrinque albo-viliosae. Glandula una ventralis lutea 
rectMigalaris vel ovato-vectangularis apice truncata 0.5-0.6mm longa 0.4 
nan lata. Oporia ovato«onica sericea apice in stylum products 1.5 mm 
lenga 0^ nan crassa, at^ntibus serieeis ad 0.5 mm longis glandulam 
ae gwint l biia , StyU ^icompresm 0.7-1.0 mm longi pallide flavo«virides. 

fmm lib S. aaohetimnsh similia flavo-viridia ad 0.4 mm longa, 
agiee eniargiwata nri bifida, iadiiHs obbngis ad 0.3 mm longis. 

tlMk 4iyBaBU.-~Prov. Setht : monte Rokkosan, (E. Isikawa n. 2 
CUffObJ Apr. t93& in Herb. A. Kimura, fol. 26 JoL 1936). 

ttmdet ad S. mekaHiumm : figura cum'nervatura folii, margine 
timikm In ji ns nl ai e MNuduto, forma el tomento ovarii, styl» evidentar 
ijiailpitir, iMnleaHan figura et color nee non breviles glandtilae fonatan 



Fig 4 Salix Istkatoae Kimura 
A Flos 4 R latere B Bracteola a facie 
C Glandula ventralis D Stigmata 
E Stipes cum ba^i ovaru 
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A. KIMURA 


mixtoram cum S. alopockroa demonstrant. 

20) xSdlix mrakawenaia Kimura hyb. nov. (Fig. 5 & Tab. VH, VUI). 

=Salix futura SeemenxS. integra Thunbekg. 

Prutex 2 m altus, ramis erecto-patentibus vel adscendentibus, cinereo* 
viridibus vel cinereis. Ramidi recti adscendentes elongati; hornotini 14- 
90 cm longi, autumno luteo- vel brunneo-virides, plus minusve nitentes; 
annotini gemmiferi prime vere lutescentes, luteo-brunnei, paullo nitentes. 
Lignum sub cortice vibiciferum. Gemmae amentiferae pulchre rubrae, 
gdaberrimae, anguste ovatae, sursum acutae, ad summum obtusae, latere 
paullo vel vix carinatae, ventre moderatim dorso valde convexae, 9-11 mm 
longae, 4.5 mm latae ; foliiferae rubrae, sat minores, ovatae, apice obtusae, 
ramulis adpressae, 3-4 mm longae, 2-2.5 mm latae. Cataphylla sterilium 
ramulorum viridia, elliptica ad oblonga, utrinque obtusissima, sessilia, 
integerrima, supra glabra subtus adpresse albo-sericea, 8-10 mm longa et 
4 mm vel ultra lata, infima et proxima lateraliter disposita. Folia receniis- 
sitna sub vernatione convolute et utrinque pilis curvis minutissimis obsita, 
e vernatione relaxata pulchre rubra mox glabrescentia. Folia adulta 

chartacea, interstitiis 0.8-4 cm longis 
dissita, oblonga, lanceolato-oblonga, non- 
numquam oblanceolato-oblonga, lateribus 
plerumque fere parallelis, apice acuta 
vel breviter acuminato-acuta, basi cor- 
date, margine crenato-serrulata, serra- 
turis in medio folii 4-6, supra sat viridia 
nitidula, impressinervata, subtus intense 
glauca, utrinque (costa supra basi pul- 
verulento-puberula excepta) glaberrima, 
8.5-12.0 cm longa, 2.4-3.5 cm lata, 2.7- 
4-plo longiora quam latiora; costa pal- 
lida supra conyexa, infra valde promi- 
nente; nervis primariis utroque lat«<e 
14-20, a costa sub angulis SO’-TO* 
divergentibus, supra impressis infra 
prominentibus, leviter arcuatis, ante 
maiipnem plus minusve flexuosis et 
nonnumquam furcatis; secundariis tenqi- 
bus supra impressis infra eleyatis, inter ^matios tt^ansversis flexuosiaque ; 
intermediis 1-3. Petioli 0.6-1, 0 cm longi su|ire catialiculati mimitnsime 



Fig. 5. Salix sirokawemia Kimura. 
A Flos t filwnentis inferne connatis. 
B Flos t filamehtU Hberis. 

C Basis filatnentorunr connatonim. 
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pnbescentes, infra convex! glaberrimi. SHpulae in ramulis vegetis evolutae, 
oblique ovatae vel semilunatae, apice obtusae, margine externo obscure 
crenato-seiTulatae, subtus glaucae, magnitudine sat variae, 2.5-8 miii longae, 
1.7-4.4 mm latae. Amenta ^ praecocia, densiflora, oblongo^ylindrica, 
iq>ice rotundata basi subsessilia vei breviter foliato-pedunculata, 2.2-3.3 cm 
longa, 1. 1-1.3 cm crassa, rhachidibus pubescentibus. PeduncuH viilosi ad 
3 mm longi, foliolis 3-7, oblongis, eliipticis, ovatis, apice obtusissimis ad 
obtusis, basi sessflibus, margine integerrimis, supra glabris infra albo-villoso- 
sericeis, pilis marginem superantibus, 6-9 mm longis 2.5-3.5mm latis, 
superioribus minoribus. Bracteolae ovato-ellipticae vel elliptico-oblongae, 
apice obtusissimae, superne nigrescentes, medio rubicundae, basi pallidae, 
utrinque albo-villosae, circiter 2.0 mm longae et 1.0 mm latae. Glandula 
una ventralis lutea ovato-rectangularis apice truncata 0.5-0.6 mm longa et 
0.4-0.6 mm lata. Stamina 2, filamentis 4-5 mm longis, ima basi pauci- 
pilosis, e basi ad medium usque vel altius connatis, cruribus sub angulo 
acutissimo divergentibus, nonnumquam toto liberis. Antherae ovatae 
circiter 0.8 mm longae 0.6 mm latae, ante anthesin rubrae, polline exploso 
fuscescentes. 

Nom. Jap. Kosektyana/d, nom. nov. 

Hab. Japonia. HonsyO. — Prov. Iwaki: Kosekimura, (A. Kimura n. 
875 fl. [typus] 23 Apr. 1934 in Herb. A. Kimura, fol. 7 Sept. 1934, 
21 Oct. 1934, 15 Sept. 1935). 

form, pubescens Kimura form. nov. 

A typo foliis adultis subtus in costa petioloque minute pubescentibus 
recedit. 

Nom. Jap. Sinanoyanagi Hisauchi in Jour. Jap. Bot. II. p. 50 (1919). 

Hab. Japonia. Hons 3 di. — Prov. Sinano : Noziri, (K. Hisauchi n. 1722 
St. [typus] 12 Aug. 1936 in Herb. A. Kimura) ; Izunahara, (K. Hisauchi 
St. 5 Aug. 1918). 

Habitu et characteribus inter 5. fvturam Seemen et S. integram 
Thunberg ambigit forsan ex iis hybrida. Ab ilia habet lignum sub cortice 
inbidferum, cataiihylla subtus dense sericea, folia recentissima erispo-pube- 
rula, adulta supra impresse infra prominenter nervata.; a 3. autem integra 
fil^ram et grabritatem foliorum, antheras primo rubras, filamenta staminum 
sabpissime alte connata. Magnitude foliorum atqUe gemmarum inter 
parentes fere media, color autem gemmarum ad S. integram appropinquat. 

21) V. Saint Kbnunuia (Miyabe & Tatewaki) Miyabe & Tatewaki in 
’Brans. Sapporo Nat. Hist, Soc. XIV. p. 256 (1936); in Proc. Imp. Acad. 
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Tokyo XHl. p. 26 (1^). 

Sjm. Siiuf bakirifMa Pauas vw. Kimumna MiyAie ft TAitWira 
kt Trans. Sapporo Nat. Hist. Soc. XlV. p. 84 (1935). 

Fig. nostrae 6, 7, Br- FnOieiUus cirdter 7 cm altiis («x IftrABB ft 
Tatbwaki), troneo subterraneo bnmneo 4 mm vd dtra in 6tam«bo. 
Rami (nocambentes, annotini lateo>«iride8 vel tiiteo<lntiDnai^ laeres g^abar* 
rimi 7.0-10.0 cm longi, 1.3-2.5 mm crassi ; .vetmioras brmmei gibberrmn 
laeves quasi vernieosi^ circiter 4 mm crassi. Ramidi kernotmi in siooo 
flavo>virides laeves sub lente parce puberuU 3.4-6i.7cm iongl 1.0-1 .4 mm 
diametrientes. Gemmae ovato'^bosae ^aberrknae kitracentes vel luteo- 
brunneae 2.5-4.0 mm longac. Ftdia cormcea rigidiuscula, supra non 
stomatifera, exsucca hkme non decidua, domain marraseenthpsasistentia ; 
adulta superiora interstitiis 4-17 mm longis dnska, obovata, apiee rotundata 
vd late acuta, basi acuta, margine grosse et acute dsntato>senrata, serra* 
turis inaequalibus rectis vd incurvis vd patentibus, rlgidis, in medio folii 
1.7-2.0 mm inter se remotis, supra viridia subtus paulio pallidMH'a, utrinque 
glabmrima et subnitentia, 20-32 mm ionga, 11-18.5 mm lata, 1.6-1.9-p)o 
longiora quam latkra; costa in sicco supra fo-e plana infra prominente, 
nervis primariis utroque latere 5-7, inferioribus ieviter curvulis vd fere 
rectis, superior9>us arcuatis, sub angulis ZS’-W divergentibus, utrinque 
elevatis, secundariis plus minus flexuosis inter primarios tnnaywsis; nerve 
intermediis brevibus raro evolutis. Fdui infraiora dmvata vd anguste 
obovata, minora, minus grosse smrata. Petiali stramind supra profunde 
canaliculati infra teretes glaberrimi 4-7 mm longi. StiptUm bene evoiutae 
dlipticae vel dliptico-lanceolatae vd lanceolatae, apice acutae, margine 
glanduloso-dentkulatae, unicostatae, supra sat virides, infra pauUo pdli* 
diores, utrinque glaberrimae 3.0-7.0mm bngae 1.5-2 mm Jdae. Qtta- 
phylla infima lateralia vd oblique lateralia, obbyata vel angerte obovata 
minute denticulatoWruiata, utrinque glaberrima 8-ltmm ionga 3.6-4.5 
mm lata, petiolis ad 3.5 mm longis. Amenta tantum frootifera vfra cyUn< 
drica foliato-peduncniata, basi perula gemnue pevsistente, 2.4-^.8 cm lonsfi, 
rirdter 8 mm crada, frudtftos non oondensatls, fbadiidSHis pubeseedabim 
per totam fere longitudinem vidbAibus ; pedttnddi hfrra(Or||iitM^^ 'ip-' 
19 mm longi, folidis 2-3 cataj^llk stertkim ipnudbrom 
vd anguste obovafis, apice bbtuals bad acitbk ntargipe stpniatis, si^ 
rat viridibus infra pauUo pallidioribps, vd 

inferne ad costas solum pfloeis, 7^1 5 nma jongfr 3,5-5 ttnn laid, ^ 
ad 3.5 nun kmgn. BnteMm akmttitm .apira'-wfttyiddsm; ^ 

anmvinaitaa, dsmidk awimiiora parta fas aB y tdilvioip/iHd^^ '' 
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Fig, 7. Salix Kimurann Miyabk & Tatkwaki. 

A Flos 4** ^ Idem u C Brufleolu a facie. D Eadem u dorso. 

E Stigmata cum stylo et summa parte ovarii. F Glandula ventral is a 
facie. G Basis ovarii cum stipite et glandula ventruli a latere. 
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hirsutae (intus basi glabrae) 1.7-1 .8 mm longae 0.8-1. 2 mm latae. Glandula 
una ventralis ovata vel ovato-oblonga apice truncata 0.7-0.9 mm longa 



Fig. 8. Salix Ktmumntt Mn^BB & Tatewaiu Kawabhima n 1. 

0.4-0.6mm lata. Capsulae ex ovata basi elongato-conicae, superne latere 
dorsali et ventrali minutissiipe crispo-pilosae, ceterum glabrae 3-4.5 mm 
longae; stipitibus circiter 0.6mm longis, superne dorsali latere crispo- 
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pilosis. Styli obcompressi 0.6-0.9 mm longi apicp bifidi, lacmiis 0.2-0.3 mm 
longis. Stigmata biRda, laciniis 0.2-0.3mm longis. 

Nom. Jap. Karahuto-megiyanagi Miyabe & Tatewaki in Trans. Sap- 
poro Nat. Hist. Soc. XIV. p. 84 (1935). 

Hab. Japonia. Sachalin austr. — Distr. Sikka : the upper Rukutuma, 
(M. Kawashima [typus] 2 Aug. 1935 in Herb. Facult. Agr. Imp Hokkaido 
Univ.; n. 1, 16 Jul. 1935). 

A S. berberifolia Pallas, cui valde alTinis est, foliis majonbus supra 
non stomatiferis, stipulis multo majoribus, amentis in fructu longioribus, 
capsulis superne latere dorsali ventralique crispo-pilosis faciliter distingu- 
enda.— Plurima specimina Scdids berbertfoliae Pallas misit libenter mihi 
ut compararem ill. Dr. G. Koidzumi Universitatis Imperials Kyotensis 
Professor, cui hoc loco gratias ago. 


22) Salix gracilistyla Mi- 
quel in Ann. Mus. Bot. 
Lugd.-Bat. III. p. 26 
(1867) ; Prol. FI. Jap. p. 
214 (1867). 

var. variegata Kimura 
var. nov. (Fig. 9). 

Folia adulta plerumque 
albo-marginata et medio 
dilute viridi-variegata. Ce- 
terum ut in typica. Vidi 
tantum ^ stirpes. 

Nom. Jap. Huiri-neko- 
yanagi, nom. nov. 

Hab. Japonia. Hon- 
syft. — Prov. Rikuzen : 
Sendai, cult , (A. Kimura, 
n. 2409 [typus var] 24 
Sept. 1936 in Herb. A. 
Kimura). 

23) X Salix Turumatii 
Kimura in Sci. Rep. To- 
hoku Imp. Univ. 4 ser. 
Biol. XI. 2, p. 243 (1936) 
(Symbol. Iteolog. II). 



Fig 9 Saltx grac Itstyla Miquel var. itartegtUa 
Kimura. Typus 
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Nom. Jap. HitaH-yanagi Turumati nom. nov. in litt. ann. 1936. 

24) Salix Woodii Seemen'^ in Engler, Bot. Jahrb. XXI. Beibl. LIII. p. 
53 (1896). — Engler, Pflanzenwelt Afrikas p. 7 (1915). — Bews, FI. Natal 
& Zululand p. 79 (1921).— Davy in Jour. Ecology X. p. 71 (1922). 

Ad descriptionem originalem adde : Gemmae steriles (in planta florente 
visae) in axillis adultorum foliorum ovatae apice obtusae 2-3.5 mm longae 
fuscae. Ferula externa gemmarum ventral! latere libera et marginibus 
imbricatis, dorso pills minutissimh cinereis et fulvis mixtis puberula ; interna 
(='catapbyilum infimum) adaxialis extus puberula ut externa. Petioli 
eglandulosi. Folia adulta supera facie stomatifera. — Propter gemmarum 
structuram est subgen. Protiteae Kimura subjungenda. 

Hab. in Africa austral! : Natal et Orange Free State. Examinavi 
specimen (n. 9769 $^) a cl. J. Medley Wood lectum in Flawbite, Alber- 
tina, O. R. C. 5-6000 ft. alt. 

25) Salix Safsaf Forskal,’*^ FI. Aegypt.-Arab. p. 76 (1775). — Trautvetter, 
Salicetum in Mem. Pres. Acad. Sc. Petersb. Savants Ftrang. III. p. 612, 
t. 2 (1836). — Andersson in Kongl. Svesk. Vetensk. Akad. Handl. VI. 1, 
p. 10, t. 1, fig. 9 (1867) (Monogr. Salic.); in De Candoixe, Prodr. XVI. 
2, p. 196 0868).— Pax in Engler & Prantl, Natiirl. Pflanzenfam. III. 
1, p. 36 (1894). — Engler, Pflanzenwelt Afrikas p. 7 (1915). — Davy in 
Jour. Ecology X. p. 71 (1922).— Oppenheimer, FI. Transiordan. p. 165 
(1931). 

Syn. Salix subserrata Wili.denow, Sp. PI. IV. 2, p. 671 (1806). — 
Persoon, Syn. PI. II. p. 600 (1807).— Poiret, Encycl. Meth. Suppl. V. 
p. 58 (1817). 

Gemmae anguste ovatae antice acutae, glabrae vel partim minutissime 
puberulae; perula gemmalis latere ventral! libera et marginibus late im- 
bricatis. Folia adulta supera facie stomatifera. Petioli eglandulosi. — 
Propter gemmarum naturam primitivam in subgen. ProHteam Kimura 
collocatur. 

Hab. in Syria, Iraq, Africa (ex Angola et Rhodesia per totam Abys- 
siniam et Aegyptum usque' In provincias littorales maris mediterranei). — 

Hie gratias quam maxima* ago cl. Dr. K. Mutabe, Profesiori Emerito Imperiali* Hok- 
kaido UnivenitatU Sapporensis, cujus benignitati hanc raritatem debao. 

-> Specimina hujus ipeciei ut tequentium mibi examinandi causa summa liberalitate com- 
modaverunt Dr. E. D. Merrill (Director Arboreti Arnoldiani), Dr. A. Rehdbr (Curator 
Herb, ejusdem Arboreti), Dr. H. A. Gleason, Dr. G. L. WimioCK (Curatoies Herb. Hort. Bot. 
Noveboracensis). Omnibus Ms virls eorumque adjutoribu* hoc loco pemuiltas gratia* agaW. 
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it W rt b iwta ; *4 ioam propt Schubra, Kairo, (J. Bqrnm&ube 
'9^'Wm *K*> 1C V 1908 iE Herb. Arb. Arnold.); S. Angola, “Tree 
4MI^ It’ ChmAumglog water <m ri^t bank o{ River Cacubva near 
^ H. W.'Pbamon n. mi ft. 34 V 1909 in Herb. Hort. 
Rot. NQ1^efaRHMMi»is); Chehaln, near Anara in Iraq, (Henry Field & 
YUf# Lasaft n. 33 fr. 26 A|xr. 1934 in Herb. Arb. Arnold.); River 
Atwm, Rideitiiia, (J. £. IhMBMCMffi & Lavxs Larson n. 3226 fr. “ near 
WdW, tMe 4 m ** Jan. 1910 in Herb. Arb. Arnold.). 

vw. opadiipodn AndSRSSon in De Candolle, Prodr. XVI. 2. p. 196 
(1868 ).‘-'£nolbr* Pflanaenwek Afrikas p. 7 (1915).— Davy in Jour. 
EcoAagy X. p. 71 (1922). 

Syn. Salix cyathipoda Andersson in Richard, Tent. FI. Abyss. II. 
p. 278 (1851). 

Strodnra gemmarum primitiva itl in typkra. Folia adulta supra stomati- 
fera. Petidi saperne eglanduloei. 

Hab. in Africa, .e Rhodesia usque ad Abyssiniam et Eritream — 
Speeimina visa : Kyimbila Distr., north of Lake Nyasa, (A. Stolz n. 2130 
^ dk 4- in Herb. Arb. Arnold.). 

26) Saik Hutekinaii Sean in Kew BuU. 1917 p. 235 (1917 ).— Davy in 
Jour. Ecology X. p. 71 (1922). 

Ferula gemmalis ventrali latere libera et tnarginibus imbricatis, pertinet 
itaqne ad sobgen. Aotitem Kimura. 

HaBl in Africa tn^ica. — Vidi specimen [n 675 (T) a cl. 1. R. 
Daub in Kenya Colo^ lectum et in Herb. Hort. Bot. Noveboracensis 
cmteervatum. 

Siihi ImiHaMto Snupt in Enouse, Bet. Jahrb. XXIII. Beibl. LVII. 
p. 48 (I897)s.— 'E nouhr, W an aa nw ^ Afrikns p. 7 (1915). 

I Saa n b ei ei ste ri h a in raaurio. lueei (7.5em lengo) f<dia adulta gerente 
ejlMir pnrain geaMwaWi vetkiati latere libera et imbricate, extus'' pilts fw- 
ndMitiibMiA spam ob tecte . FoMa adtilte supra stonM(ttfem. 
ad subgen. AMAmwi ISniimA. 

Ip '# .fNftetit4-ea8tral.~«Rpeei«ilia examinatei Uar 

imt ann. 1^8*-1909, dot. O. v. Spteunf. in 

n. c*. i, », m (twx—rim in 
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(1856) (AnmKrkningar ofver de Kapska Pilarterna). — Andersson in Kongl. 
Sveiisk. -Vetensk. Akad. Handl. VI. 1, p. 13, t. 1, fig. 11 (1867) (Momgr. 
Salic.); in De Canpolle, Prodr. XVI. 2, p. 197 (1868).— PaX in ENCiiiot 
& PRANTL, Natiirl. Pflanzenfam. III. 1, p. 36 (1894). — Engler, Pflanzenwelt 
Afrikas p. 7 (1915). — Davy in Jour. Ecology X. p. 69 (1922). 

Gemmae ovatae, apice obtusae, castaneae laeves nitidiusculae giaber> 
rimae, 2-2.4 mm longae, perulis latere ventral! liberis et imbricatis. Folia 
adulta supra stomatifera. Petioli eglandulosi. — In subgen. Protiteam Kl- 
mura collocanda. 

Hab. in Africa maximc austral! capensi. — Vidi : Oranje, (K. Dinter 
n. 5132 2 Jan. 1924 in Herb. Arb. Arnold.); distr. Kroonstad, (J. 

W. Pont n. 661 -?■ & Sept. 1929 in Herb. Arb. Arnold.). 

var. gariepina (Burchell) Andersson in Kongl. Svensk. Vetensk. 
Akad. Handl. VI. 1, p. 13 (1867) (Monogr. Salic.); in De Candolle, 
Prodr. XVI, 2, p. 197 (1868) p. p. — Davy in Jour. Ecology X. p. 70 
(1922). 

Syn. Salix Gariepina Burchell, Travels in the interior of southern 
Africa I. p. 317, t. 6 (1822). — Fries in Ofversigt af Kongl. Svensk. 
Vetensk. Akad. Forhandl. XIII. pt. 5, p. 121 (1856) (Anmarkningar ofver 
de Kapska Pilarterna). 

Constructio gemmarum ut in typica. Folia adulta supera facie stomati- 
fera. Petioli eglandulosi. 

Specimina visa : Modderriver Station 1200 m, Copland, (O. Kuntze 
10 Feb. 1894 in Herb. Hort. Bot. Noveboracensis) ; sine loco spec., 
(Drege ^ 118.9. in Herb. Hort. Bot. Noveboracensis). 

29) Salix mucronata Thunberg, Prodr. PI. Cap. I. p. 6 (1794) ; FI. Cap. 
I. p. 140 (1807).— WiLLDENOw, Sp. PI. IV. 2, p..685 (1806).— Persoon, 
Syn. PI. II. p. 601 (1807). — Smith in Rees, Cyclop. No. 74 (1819). — 
Sprengel, Syst. Veget. I. p. 107 (1825). — Fries, Nov. FI. Suec. Mantissa 
I. p. 76 (1832) ; in 6fversigt af Kongl. -Svensk. Vetensk. Akad. Forhandl. 
Xlll. pt. 5, p. 120 (1856) (Anmarkningar 5fver de Kapska Pilarterna). — 
Loudon, Arb. & Frut. Brit HI. p. 1602 (1838). — Davy in Jour. Ecology 

X. p. 70 (1922).— Floderus in Arkiv f. Bot XXV. A. No. 11, p. 28 
(1933). 

Syn. Salix aegyptiaea (non L.) Thunberg, Prodr. PI. Cap. I. p. 6 
(1794); FI. Cap. I. p. 178 (1807). 

Salix capettsis Thunberg var. mucromOa (Thunberg) ANDERSSim in 
Kongl. Svensk. Vetensk. Akad. Handl. VI. 1, p. 14 (1867) (MonogY. 
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Salic.); in De Candolle, Prodr. XVI. 2, p. i98 (1868). 

Gemmae ovatae circiter 3 mm longae, prime cinereo-pubescentes, demum 
basi excepta glaberrimae, perulis ventrali latere liberis et imbricatis, mar* 
ginibus ciiiatis. Folia -adulta supra stomatifera. Petioli eglandulosi. — 
Pertinet ad subgen. Protiteam Kimura. 

Hab. in Africa maxime austral! capensi. — Examinavi specimina cx prov. 
austro-occid. col. Capitis Bonae Spei : Bergriver, Distr. Wellington, alt. 
50 m, (R. Makloth n. 4283 , tree 10 m high, March 1906) ; Ronnie 

vale, Distr, Swellendam, bank of Breede river, alt. 1 50 m, (R. Maki.oth 
n. 11843 Oct. 1st 1923); Ceres, banks of river, alt. .500 m, (R. 

Marloth n. 6392 ster. March 1925). — Omnia in Herb. Arb. Arnoldiani 
asservata. 

30) Salix subgen. Protitea sect. Acmophyllae Andkrsson suppl. Kimura. 
Syn. Salix I, Amerina Andersson in Svensk. Vetensk. Akad. Handl. 

ser. 3, 1850 p. 470 (1851) (Ost-Indiens hittills kanda Pilarter) quoad S. 
dealhatatn. 

Salix tribus A. Salices Pleiandrae a. Tropicae. stirps II. Salices orien- 
tates V . S. acmophyllae Andersson in Kongl. Svensk. Vetensk. Akad. 
Handl. VI. 1, p. 7 (1867) (Monogr. Salic.) quoad S. acmophyllani & S. 
dealbatam. 

Salix A. Salices Pleiandrae 1° Tropicae vel subtropicae § 2. Orientales 
vel acmophyllae Andersson in De Candolle, Prodr. XVI. 2, p. 195 
(1868) quoad S. acmophyllam & S. dealbatam. 

Salix sect. I. Pleiandrae Hooker, FI. Brit. Ind. V. p. (526 (1888) 
quoad S. acmophyllam, — Brandis, Ind. Trees p. 636 (1906) quoad S. 
acmophyllam. 

Salix sect. 4 Acmophyllae Andersson ex Schneider in Sargent, PI. 
Wilson. III. p. 105 (1916). 

Description! a cl. Schneider datae adde : Gemmae 1-perulatae, perulis 
ventrali latere liberis et imbricatis. Folia adulta supers facie stomatifera. 
Petioli eglandulosi. — In subgen. Protiteam Kimura collocatur. — Examinavi 
speciem typicam ; vide infra. 

31) Salix acmophyUa Boissier, Diagn. PI. Orient, ser. I. fasc. VII. p. 
98 (1846); FI. Orient. IV. p, 1183 (1879).— Andersson in Kongl. Svensk. 
Veten^. Akad. Handl. VI. 1, p. 7, t. 1, fig. 6 (1867) (Monogr. Salic.); 
in De Candolle, Prodr. XVI. 2, p. 195 (1868). — Hooker, FI. Brit. Ind. 
V. p, 628 (1888) p. p. — Brandis, Ind. Trees p. 636 (1906). — Handel- 
Mazzetii in Annal, k. k. Hofm. Wien XXVI. p. 129 (1912). — Nabelek, 
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Iter Turc.*Pers. IV. in Publ. Fac. d. Sdene. Univ. Muiuylc CV^ f>« 24 
(1929).— CHJiU! in Fedde, Rejk Sp. Nov. R«g. Veg. XXVIII. p. 79 (1930) 
(K. Krause, Beittige zur Flora Kleinasiens. V.). 

Syn. Salix Peraioa Boissier, Diagn. PI. Orient 9». I. foe. VII. p. 99 
(1846); FI. Orient IV. p. 1183 (1879).— Aotwrsson in Kof^l. Sveiudt. 
Vetensk. Akad. Handl. VI. 1, p. 9, t. 1, 7 (1867) (Monogr. Salic.); 

in De Candolle, Prodr. XVI. 2, p. 195 (1868).— Schischkin in Bar. 
d. Tomsk. Staata-Univ. LXXX. p. 436 (1929). 

Perula gemmalis ventral! latere libera et imbrieata. Folia sopera facie 
stomatifera. Petioli eglandulosi.— Subgen. PnUteae Kimura submittenda. 

Has. in Persia, . Mesopotamia, Syria, India. — Specimina visa : MeaO' 
potamia. Biredjik : Haschnadi, ad Euphratem, (P. Sintbnis n. 491 fr. 
24 IV 1888, del. Dr. 0. Staff). — Persia bor., alpes Elbrus, supra Ferasad, 
1700 ro, (J. BornmOller n. 8260 fr. 28 V 1902). — Persia austro-orient 
prov. Kerman : Kerman, ad pagum Baghin, c. 2000 m. s. m. (J. Born* 
MULLER leg. & det. n. 4550, 18 IV 1892 sub nom. S. persicae Boissier). 
— Omnia in Herb. Arboreti Amoldiani. 

32) Salix (subgen. Pmtitea) Dunnii ScHNEiDER in Sargent, PI. Wilson. 
III. p. 97 (1916).— Shun-Ching Lee, Forest Bot. China p. 181 (19^).— 
Kimura in Sci. Rep. Tdhoku Imp. Univ. 4 ser. Biol. XL 2, p. 249 (1936) 
(Symb. Iteolog. II.). 

Folia adulta supra non stomatifera. — Vidi typum in Horb. Arboreti 
Arnoldiani ! 

Hab. China. Fokien : sine loco spec.; “ Province of Foki^, Qiina. 
Collected on Mr. Dunn’s expedition to Central Fokien, April to June 
1905. Hongkong Herbarium, No. 3504.”— -Numerus aMHu setiptoa hujus 
speciminis 3504 nec 3509 esse videtur; confer Sohneiisr 1. c. p. 98. 


CORRIGENDUM 

Symbolae Iteologicae 11 in Sci. Rep. TNioka Imp. Univ. 4 ear. Bid. XI. no. 2. 
Pag. 251, lln. tupremfc, loco emend., iltgt aoppl. 
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EXPLICATIO TABULARUM. 
TAB. III. 

Salix cremnophila Kimura. Typus. 
TAB. IV. 

Sahx cremnophila Kimura. 

HAmuli amentiferi. 

TAB. V. 

Salix Isikawae Kimura. Typus. 
Ramuli amentiferi. 

TAB. VI. 

Salix hikawae Kimura. 

Ramuli cum foliis aduitis. 

TAB. VII. 

Salix iirakaweniiB Kimura. Typus. 
Ramuli amentiferi. 

TAB. VIII. 

Salix sirakau/ensie Kimura. 

Kamuli cum foliis aduitis. 
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SOME NOTES ON THE OASTRULATION AND THE FORMATION 
OF GERMINAL LAYERS IN THE SNAKE, 

ELAPHE QUADRIVIRCATA QUADRIVIRGATA (BdE) 

By 

H. T. SWMATZ 

Biological Institute, Tdhoku Imperial UniversHg, Sendai 
(With Plates IX-X and seventeen figures in text) 

(Received June 16, 1937) 

The process of gastruiation and the formation of germinal layers in 
some reptiles have been studied with special interest, and these processes, 
especially in the case of Laeerta and of Chelonia, have already been 
ascertained and determined by many investigators. 

The modus of gastruiation and die establishment of germinal layers in 
snakes have previously been observed, so far as the present writer is 
aware, by Kupffer (1882), Hoffmann (1887-1890), Will (1899), Gerhardt 
and O. Hertwig (1901), and by Ballowitz (1901-1902). The specimens, 
on which these investigators woriied, were Vipera [Pelias) bema L., Colvber 
aescutapii Sturm and Tropidonotus natrix Boie. In particular, the last 
one was taken as a favourable specimen to determine the processes above- 
mentioned, which were dealt with various conclusions. Since their day 
no further investigations in regard to the early developmental stages of 
snakes have been published. 

As hiUierto no investigations have been carried out with regard to 
Japanese snakes, the present writer has ventured to attempt a serial 
investigation of their developments 

In the {iresent paper, which deals with the Japanese striped snake 
(* shhna-hebi *), the present writer wishes to give the results his own 
dheet observation of the formation of the blastopore and of the germinal 
layera and oi the process of the completion of the ' blastoporic passage,’ 
w Kupfferian canal, referring to those obtained by the earlier investigatcws. 

The present writer h'as here to record his cordial thanks to Prof. Dr. 
E. NeaiURA and also to Mmra. K. Okada and I. Hamai for their helpful 
aiShtiaiioe and usefid achdce dtiflig the progress of the present research. 
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Material and Method 

The Japanese striped snake, Elaphe qmdrivirgata quadrivii^ta (Boie), 
was used as the material. The species is widely distributed all over the 
mainland of Japan. 

Pregnant females of this species were collected in the suburbs of Anjo, 
a town near the city of Nagoya. In this locality, the breeding season of 
this species extends usually from the middle of June to that of July, 
copulation taking place in the latter part of May. All the females, from 
which the embryos were obtained, were captured freshly from the wild 
habitat, and in no case had any of them been kept in a vivarium. The 
objection to using cultured specimens is due to the fact that, under the 
unnatural conditions in the vivarium, the embryos would die and decompose 
in the maternal oviducts. Therefore, the animal was chloroformed and 
killed immediately after being captured, and the abdomen was then opened 
in order to obtain the eggs. 

The eggs, which are arranged moniliformly end to end, were first 
removed by dissecting the oviducts of the pregnant female, and then, after 
careful removal of the tough shell envelope, the blastoderm was cut round 
with a pair of fine scissors, the large subgerminal fluid cavity immediately 
below being deeply pierced through. The excessive adhesion of yolk 
matter, which tends to clog the sectioning, was cautiously removed as far 
as possible from the blastoderm with a spatula. 

After finishing the above method of treatment, the blastoderm spread 
on a spatula was, at the outset, put in a saturated aqueous solution of 
picric acid for a quarter an hour. It was then hardened for half an hour 
with a modification of Rabl’s picro-sublimate, i. e. a mixture of equal parts 
of a saturated aqueous solution of picric acid and of corrosive sublimate. 
After fixation, the material was transferred to a 70^ alcohol, containing 
iodine, for a day, and dien preserved in an 85^ alcohol. 

'For staining, Delafield’s haematoxylin and eosin were ui^ for some 
of the material, but, for the greater part of it the total staining method 
with Grenacher’s borax-carmine was preferred. In order to ascertain the 
superficial relief in the region of the blastopore, a material treated with 
the latter stain was observed under a microscope through reflected light. 

Finally, the material was sectioned, 10/^ in thickness, by the paraffin 
method. The transverse and longitudinal serial sections were thus prepared 
for the purpose of investigation. 
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Specification of Stadia 

The material at the disposal of the present writer was lacking in the 
stages, which might have demonstrated the earlier developmental conditions 
before the formation of the primitive plate. 

In this paper, the stages of the subsequent development are described, 
i. e. from the first indication of the blastopore up to the completion of 
the blastoporic passage, or Kupfferian canal. 

As the process of gastrulation is proceeding, the form of the blastopore 
and the deepening of the invagination cavity are gradually changing in 
appearance, giving a characteristic feature to each stage. The present 
writer proposes, therefore, to specify the stages of the whole process of 
invagination in five stadia describing the developmental conditions for the 
sake of convenience. 

The characteristics of each stadium are as follows, namely ™ 

Stadium L There is present, on the posterior margin of the embryonic 
shield, a definite primitive plate, on which the superficial ectodermal 
epithelium has just begun to invaginate, and, consequently, prosperous 
inward proliferation is taking place. The parablastic cells are forming a 
distinct layer, there being a space between them and the pre-existing 
superficial layer. The anterior and posterior lips of the blastopore are 
almost the same in height, or the latter somewhat exceeds the former. 
The state of the shallowly invaginated groove presents a typical archistome^\ 

Stadium 11. The shallow groove above-mentioned deepens, and its 
bottom turns in the antero-ventral direction. In this second stadium, as 
the invagination cavity is often much expanded, the blastoporic opening 
appears somewhat narrow. The underlying primary endoderm, which is 
now in the course of establishment, represents a fairly complete condition. 
The anterior lip of the blastopore rather exceeds the posterior lip in height. 
The invagination cavity of this stadium shows a transitional condition from 
an archistome to a prostome®\ 

Stadium IIL The deepening of the invagination cavity is directed 
anteriorly and attains a nearly full-grown condition, in which the cavity 
has an anterior expanded part and a posterior dorso-ventrally flattened 
outlet. The floor, with the exception of the anterior and posterior ends 
of the cavity, represents a sheet of cells, by which the invagination cavity 
and the subgerminal fluid cavity are separated. The roof, on the other 
hand, shows an active division of cells. The peristomial mesoderm begins 

1) iwid 8) technical terms foRow Ballowitz. 
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to prolif^ate in the postofior ntargm of die |»iroitive plate. The anterior 
lip barely overiaps the posterior one, indicating a typical prostome. 

Stadium IV. This corresponds to the stages of the * breaking dirough*’ ’ 
of the invagination cavity into the underlying subgerminal fluid cavity by 
the disappearance of the sheet of cells, which separates both cavities. 
The chorda primordium is differentiated from the dorsal wall of the 
invagination cavity, being by degrees established anteriorly. The primitive 
plate becomes rather flat, decreasing in thickness and slanting posteriorly. 
In the tumed-in region of the anterior lip is often found a remarkable 
intumescence of cells, which is a temporary structure and soon disappears. 

Stadium V. In this stadium, the blastoporic passage, or Kupffa'ian 
canal, begins to shorten, and its anterior opening is in the course of ob- 
literation. The formation of the chorda anlage, particularly of the gastral 
mesoderm, and a characteristic inlet of the Kupfferian canal, occurring in 
the region of the original posterior lip, give a peculiarity to this stadium, 
which represents a transitional structure from a prostome to a meta8tome’‘\ 

Observattons 
STADIUM I 

The earliest specimen at the disposal of the present writer had a dis- 
tinct embryonic shield, measuring approximately 2 mm. in median longi- 
tudinal diameter. A definite primitive plate was already present along 
the hindermost periphery of the shield, and is represented as a simple 
localized thickening of the superficial ectoderm. 

The superficial ectoderm, covering a larger area of (he embryonic 
shield, is already a layer of two- or three-cell thickness. The cells, con- 
stituting this layer, are arranged in a columnar manner, llie columnar 
arrangement of cells is most distinct in die region immediately in front 
ci the primitive plate, and becomes more irregular and indistinct towards 
the anterior and peripheral limits of the embryonic diield. The surface 
of the ectoderm is flat, and the underface ol it, therefore, shows an un- 
evenness according to the ‘irregularity in the arrangement of the c^. 
The process of vertical elongation of columnar cells originates first at the 
anterior boundary of the primitive plate, and extends gradually to the 
anterior and lateral portions of the shield. In the larger part of the 

0 ‘Thu tann i$ used, Mrsukusi, ia tlw phww rnMning ^ ipeeisi psrfontiMi 

In tiw floor oi the invagination cavity. 

*> The technical term foUom Ballowrs. 
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embryonic shield, with the exception of the anterior zone of the primitive 
plate, the position of the nuclei of cells, which form the epithelium, are 
irregular, and appear as if they were only scattered in the superficial 
ectoderm, accompanying the irregularity in arrangement of the cells. The 
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Fig. 1. Photomicrograph of longitudinal sections of specimen early in Stadium 
T, in order of 1 -4 from median to right, showing relation })etwef‘n invagination 
cavity and adjacent tissues, especially between heights of anterior and |)osterior 
blastoporic lips. xKO. a anterior direction, ap anterior Idastoporic lip, ape 
«Kgr*^gHtion of parablastic cells, e ectoderm of annular zone, iv invagination cavity, 
ipl lateral margin of primitive plate, p posterior direction, pe primary endoderm, 
pp posterior blastoporic lip, see ectoderm of embryonic shield, sep superficial 
ectoderm of primitive plate. 
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thickness of the ectoderm varies according to the part of the embryonic 
shield which it covers. It is thickest at the immediate front of the 
primitive plate, which shows an accurate columnar structure, but, then, 
tends to decrease anteriorly and laterally. In the central part of the 
embryonic shield, the epithelium measures about 27 in thickness. Except 
in the region posterior to the primitive plate, the ectoderm by degrees 
decreases in thickness towards the annular zone of the embryonic shield, 
until it passes continuously into a layer of a one-cell thickness, which 
consists of somewhat cubical cells, and, finally, in the further peripheral 
portion, it alters into a layer of dorso-ventrally flattened cells (I, III, VI 
and VII in PI. IX). Thus, the differentiation of the superficial ectoderm 
into the embryonic shield and adjacent region is indistinct, but, on the 
other hand, in the region immediately posterior to the primitive plate, 
the superficial layer combines directly with the unicellular layer, consisting 
of cubical cells (Figs. li and 2 , and III in PI. IX). 

Meanwhile, a shallow transverse groove (Fig. 1 ,- 4 ) appears just on the 
anterior margin of the primitive plate, gradually diminishing in depth 
towards both lateral ends. This groove is the first indication of the in- 
vagination, and corresponds to the ‘ Sichelrinne ’ of Will (1899) and to 
the ‘ Archistom ’ of Baliowitz (1901). The posterior lip of this invagina- 
tion exceeds the anterior one in height (Figs. 1 ,, 2 and 3). On the 
anterior wall, on the bottom, and on a part of the posterior wall of the 
invagination cavity, may be observed a columnar cell-arrangement, such as 
is seen in the superficial ectoderm anterior to the primitive plate, even 
though it is indistinct, and becomes more indistinct towards the upper 
part of the posterior wall, finally disappearing at the top of the posterior 
lip. That is to say, the ceils in this region represent active cell-division, 
and really mitotic figures are frequently observed. On the surface posterior 
to the posterior lip, the columnar arrangement of cells is not found, this 
portion consisting only of somewhat cubical cells, as seen in the superficial 
layer of the posterior continuation of the primitive plate. 

In the region of the primitive plate, the distinction between the super- 
ficial and subjacent ectodermal cells is not, more or less, clear. Morpho- 
logically, the : superficial cells resemble the subjacent cells composing the 
substance of the primitive plate. The latter cells are, however, scattered 
rather loosely, leaving numerous intercellular spaces between them. The 
former cells, on the contrary, represent a coherent condition. Thus, it is 
scarcely possible to distinguish them from each other merely from the 
difference in the arrangement of the cells (Figs. 1 , and 2). The subjacent 
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cell-mass or the ‘ Blastemgewebe der Stomaplatte’ of Ballowitz is presumed 
to be derived mainly from the region extending from the posterior lip to 
the posterior wall of the invagination cavity. 


« sep pp iv ap see 
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Fig. 2. Photomicrograph of median longitudinal section of specimen in Stadium 1, 
slightly later than that shown in Fig. 1, showing relation between head process and 
invagination cavity. Posterior blastoporic lip surpasses anterior one slightly in height. 

X 80. a anterior, ap anterior lip, ape aggregation of parablastic cells, e ectoderm of 
annular zone, hp head process, iv invagination cavity, p posterior, pac portion of active 
cell-division, pe primary chdoderm, pp posterior lip, see ectoderm of em|>ryonic shield, 
sep superBcial ectoderm of primitive plate. 

Hitherto, the walls of the invagination cavity have been varbusly 
termed, viz. ‘ Urdarmblatt ’ by Gerhardt and O, Hertwig, ‘ primare 
Entoderm ’ or ‘ Ur-Entoderm ’ by Kupffeu, ‘ palingenetische Entoderm ’ 
by Wenckebach, etc. But, in this paper, the present writer wishes to 
use consistently the term ‘ secondary endoderm ’ in its ontogenetic meaning. 

In the course of development, from the anterior extremity of the 
primitive plate, a group of cells, which are derived from the anterior wall 
of the invagination cavity, are encroaching forwards, forming a small 


e sep pp iv ap see 
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Fig. 3. Photomicrograph of median longitudinal section of specimen in Stadium I, 
slightly later than that in Fig. 2, showing considerably expanded invagination cavity 
directed somewhat posteriorly. Posterior Uastoporic lip surpasses anterior lip apparent- 
ly in height. x80.. Abbreviations as before. 
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process between the superficial ectoderm and the underlying cell-layer, 
which extends to a definite distance from the ectoderm in the region of 
the embryonic shield. This small process projecting anteriorly is the fore- 
runner of the head process (Figs. 2 and 3 ). The underlying layer spreads 
horizontally all over the blastoderm and consists of thin, flat, unicellular 
strips, which are arranged transversely, crevices remaining between them. 
Each strip consists, in turn, of loosely arranged, spindle-shaped cells. Thus, 
this layer, in this stage, is perforated by numerous passages that appear, 
in sections, as breaks in a sheet. 

In the early specimen. (Fig. 2 ), the subgerminal fluid cavity spacious 
in extent had been already completed under the whole area of the 
blastoderm. The ventral surface of the primitive plate is still flat, but it 
becomes gradually protruded towards the cavity, owing to the increase in 
bulk of the cell-mass of the primitive plate (Figs. 3 and 4 |). The down- 
ward thickening of the cell-mass occurs not only in the median zone of 
the invagination cavity, but also in the lateral parts, though it is slight 
(Figs. l2!uui:i and 42-4), i. e. the activity of cell-division is most vigorous 
in the median part and, gradually, weakens laterally. 

As described above, underneath the blastoderm, extends the layer of 
spindle-shaped cells, which are still, in this stage, arranged very incom- 
pletely, as indeed they are in an earlier stage. These cells, in a later 
stage, are to form a definite unicellular layer, which has been, hitherto, 
called by various terms by several investigators, as may be seen later in 
the section of ‘ Remarks,’ but in this paper the present writer wishes to 
use uniformly the term ‘ primary endoderm,’ for convenience of descrip- 
tion. The shape and size of cells, constituting the strip, vary very much, 
viz. they are elliptical or spindle-shaped, larger or smaller, etc. The 
anlage of the primary endoderm extends here, cohering with the underface 
of the primitive plate and of the superficial ectoderm at the annular zone of 
the blastoderm, with the exception of the region of the embryonic shield 
(III in PI. IX). On the peripheral zone, the cells of the primary endoderm 
adjoin other cells, being actively proliferated from the germ wall. In this 
stage, it is noticeable that some primary endodermal cells are being attached 
to the superficial ectodermal cells, as if the former were delaminating from 
the latter. Such attachments are observed, here and there, in the peri- 
phery of the embryonic shield, particularly in the region posterior to the 
primitive plate (IV and V in PI. IX). From these facts, it appears to the 
present writer that the cells, forming the primary endodermal layer, 
originate chiefly from the parablastic cells, which will be described later, 
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and are added to, even though these are only n few, by those derived from 
the germ wall and, probably, from the ectoderm of the annular zone. In 
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Fig. 4, Photomicrograph of longitudinal sections of specimen in Stadium I, of 
almost the same age as in Fig. 3, in order of from median to right, showing 
remarkably protruded underface of primitive plate and poorly developed head process. 
Invagination cavity is directed posteriorly, as seen in Fig. 3. x80. sg transverse 
shallow groove between primitive plate and annular zone, Ipl lateral margin of pri* 
mitive plate. Other abbreviations as in Fig. 2. 

the region of the primitive plate, immediately ventral to it, the primary 
endoderm appears to combine with the cell-mass of the plate, but, to be 
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precise, the distinction between them is recognizable, i. e. the cells, con- 
stituting the plate, are generally spherical in shape and loosely associated, 
but those of the primary endoderm are, on the other hand, spindle-shaped 
and the cytoplasm and nuclei are deeply stained. During the present 
stadium, the primary endodermal cells do not yet form a complete layer 
in the region of the primitive plate as also in the other region, consequent- 
ly, the ventral surface of the plate faces directly the subgerminal fluid 
cavity, though only partially. .This observation elucidates the fact that 
the coherence of both elements, the primary endodermal cells and the 
cell-mass of the primitive plate, is merely caused by the downward growth 
of tissue of the plate itself, owing to the increase in the number of cells, 
and no migration of both elements was observed anywhere. 

Underneath the blastoderm, lies the spacious subgerminal fluid cavity, 
in which are .scattered a large number of free cells of several sizes. 
Moreover, in this cavity, near its floor, are found masses of yolk or yolk 
spheres, some of these being embedded in the superficial zone of yolk, 
their contour being clearly outlined (Fig. 1). All the cells, which are 
scattered freely in the subgerminal fluid cavity, are obviously the descen- 
dants of yolk cells. This fact is clear when the periblast of yolk is 
accurately observed. According to these facts, the freely scattered cells 
appear to belong, without exception, to the endoderm. Merocytes, or 
yolk-syncytia, are observed on the surface of the yolk, facing the cavity, 
particularly in the region of the germ wall. On the whole surface of the 
yolk, nuclei of the syncytia are in various degrees of formation of para- 
blastic cells, being embedded in the yolk substance (1 in PI. IX). Para- 
blastic cells, have been just completed, are proliferated into the subgerminal 
fluid cavity, so that comparatively large cells, containing a large quantity 
of yolk matter, come to be found scattered in the cavity. These parablastic 
cells may be distinguished as being of two kinds, viz. one, the spherical 
and extraordinarily large cells, containing a considerable number of yolk 
globules, a small amount of cytoplasm and a small nucleus, which is deeply 
stainable, and the other, the elliptical cells, smaller than the spherical ones, 
having a small amount of yolk element and a granular cytoplasm round 
the nucleus (1 in Pi. IX). Vacuoles are often present in these cells. The 
fact, that the larger yolk-laden cells are proliferated later than the smaller, 
is suggested by the evidence, viz. that the former cells are generally 
situated in the lower part of the cavity, and the cells, now forming in 
the yolk, belong to this type. Some of the smaller cells, which are found 
in the comparatively upper part of the cavity, form irregular aggregations. 
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st^ BO ftattim fower wir foee of ^ prknary endodem ie tibeven. From 
tiba daieta^ A«l tim ttrimaqr owfoderm b 'not O Binqjiy unioeHular but an 
imgiidoriF nniedlalar epithdbim« liiat ibe oonnex^ion of (iie orilogiprega- 
titma to <liO atifoB fo tiim, aiNi tbat bodi odk Ate aHiad to each other 
morphokigiediiyt 4t may be «e0 daaumed that the parablastic odls partkd- 
IMde hi the fenaatfoa of the {Mhaaiy eadoAurm from foiriy eat^ stages 
^ mi VU in Pit iX), The e o on ect k m between the primary endodwm 
and the amaller parablaatic odls h fonnd not only in die region of the 
emhryaNk shield, but ahe in die anmilar eone of the Mastodcmt (HI, IV 
and VI in IX). The aggregadon of parablaatic cells has already been 
observed by ouny pnevbaa investigators. 

In die ^cious sUbgenninal cavity, containing a large number of para- 
blaatie cells, there are also found greatly irtegalar, fine fibrillar networks, 
oponecting die o^ rvifb each other 0 in PI. IX). Hiese afo the artifacts 
whfah vrera made in the'^eoane ef fiaation. 

With the progrdts of development, the median loagitodhial diameter 
of the embiyoiuc shidd someidiat elotkgates, and dm superficial ectodermal 
layer heoottea better defined, i.e. it increases generally in thickness, 
aaensurittg anRouimatoly 40/t in the oenOral region d die shidd, and 
die dtfferontiation between this shidd and the adjacent regions becomes 
(hatinet, owing to the teaertration of the original thidcneas Hi the anmilar 
aene. Motoeover, dmjhidd ia liftod more or lesa above the annular part 
011 and VI in PI. IX), sad die {carmedon of dw underlying, primary 
ejadodeam advenoet more then it does in the eaiher stagm. In this stage, 
tito primary endoderm ia forming a deftniterlayar maintamitig a ooaatant 
diaii^ frw the aupecfidd ectoderm. .. 

CitihtiNiinr odfo eanatituting the ectoderm of the embryonic abMd, 
form A dWnot ophhaifom. and the nudd ooeupy a basal ppatifom Tltil 
4* .moot MmarlMlhlp i« tho regfos anfoHor to the anterior 
litta ^faanntiini ium.todiitkiioi nnWtodsr iiid iirtiriiii 'titririlty _ 
f|» mtipilltm dC thd dddwwiiitg df the ibidd totoderm, 
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wImh iongiiiatlM cmiiy ol this aNtge is cmiiiimni .9^ 

«t tiia «11ier >tisg€ii (Figs. 2, 3» 4» s^ 5)* TM widls ei tbciavKiittatiiM 
wkh. eso^Pticm «f tiw xegkqt «£(ilw iHisterior lip and llw. cons 
siigbtly inaida b* oon^ of odiuaanar «e^ as eontiniudion of Amoo e( 
tiho omta^OBk shi^, 

The antorior and posterior lips are approxmiately tlte same in fae^t^ 
showing’ $. lerm of tjrpical archirtome I 4 ). 

The surface of the primitive^ plate, poaterbc to the pooterior Up, is 
fiattened as in the previous Stage, and, at the transitianal part to ^ 
annular «aone of the blastoderm, a>.idiaDow tnmsvmse groove makes its 
ai^warance: This groove is moSt remarkable in the mediani, but shallows 
gradually to both lateral parts (Fig. 4i-«). The groove in question has 
always been found in aQ specimens in die present stadium, which were 
fixed satisfactorily. Notwithstanding dtis, Baiiowm was able to find it 
in a few specimens brionging to corresponding stages, and stated it to he 
a special case. 

The undifferentiated ceU-mass m the primitiye plate is compact and 
shows a conspioious activity of crii-dh^wien. The ventral surface of this 
mass protrudes more prominently towards die subgcrtninal fluid cavity than 
that of the eadim stage, apd this condition is most remarkable in later 
stages (Fig. 4,). 

Ihe cdl-^ggrcgations in the sub^nqinal fluid cavity grow further, and 
are stiU connected, here and there, with the underface of the endodermal 
layer. 

It is worthy of note, partieulariy, in the comparativdy esdtor ataget, 
that the degree of formation of the invagination cavity and diat of the 
primitive {date are not quite conrelated. In reality, the present writer has 
often met with qiecimens, whkh have a feridy. davrioped primitive {date 
and a stroni^y developed iavairinntion cmrity, and vice vers*. On the 
other hand, the correlation between the degree of fiofmat^ of die primitive 
{date and of the rudhaent of dm head {ttocess is not stmflariy Moognizabl* 
(Figs. S 'and 4,). 

From die above statements, it may be said that dmreii great variabfiitir 
as to dmse conditions in dm mateiiat a* regards Steidem L " 
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bulge in an anterior direction. Consequently, the presence of the head 
process becomes more or less distinct (Fig. 5). The walls of the invagina- 
tion cavity, with the exception of the upper half of the posterior wall, 
are clearly defined in the columnar arrangement of the cells. The anterior 
lip is gradually raised dorsally to this stage, and, finally, more or less, 
exceeds the posterior lip in height. This movement of the heightening of 
the anterior lip is mainly caused by a throwing up due to the forward 
deepening of the invagination cavity and to the forward insinuation of the 
cells at the anterior extremity of the primitive plate. The formation of 
the head process is most remarkable along the median line of the embryonic 
shield, constituting the forerunner of the chorda dorsalis. 

The cell-mass of the primitive plate extends somewhat laterally and 
posteriorly, so that the plate itself becomes longer and flatter than that 
in earlier stages (Figs. 4i and 5). The downward growth of the plate, 


a 


Fig. 5. Pliotomicrograph of median longitudinal section of specimen early in 
Stadium II, showing anteriorly directed short invagination cavity and flat primitive plate. 
Head proi'ess develops normally. Anterior blastoporic lip surpasses iKisterior lip 
slightly in height. x80. Abbreviations as in Fig. 2 , 

already mentioned, ceases, and the next stage is characterized by the 
formation of the peristomial mesoderm. The cells of the primitive plate 
show similar conditions to those in the earlier stages, but, in the under- 
most part, several intercellular spaces are observed. In the central, most 
compact part of the plate, mitotic figures are frequently observable. The 
upper surface of the primitive plate is flat in general, and slants poste- 
riorly until its posterior border is bounded by a shallow transverse furrow 
(IV in PI. IX). The distinctness between the cells forming the plate and 
those of the underlying endoderm becomes less clear than in the earlier 
stages. 

In the case of some specimens in this stage, it is noticeable that the 
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endodermal layer shows a greatly irregular unevenness in the posterior 
half of the primitive plate and a honey-combed structure in sections, owing 
to an active addition of parablastic cells. In the region further posterior 
to the plate, the adherence of the parablastic cells in the form of aggrega- 
tions, is particularly remarkable (IV in PI. IX). At the boundary between 
the primitive plate and the annular zone, the relation between the endo- 
derm and the superficial ectoderm is more intimate, and the protoplasmic 
processes of the former often reach the latter (IV and V in PL IX). This 
relation is most evident in the more lateral sections. 

Some of the parablastic cells forming aggregations and the isolated 
ones in the subgerminal cavity have the appearance of decomposing. 


e sep pp ap iv see 



ap^ pe ikfic 


Fig. 6. Photomicrograph of median longitudinal section of specimen in Stadium II, 
slightly later than that showU in Fig. 5, showing noticeably narrow invagination cavity. 
Primary etldoderm creeps dorsally along anterior surface of turned-in wall of invagina- 
tion cavity. X 80. Abbreviations as in Fig. 2. 


see pe iv ap pp sep e 



Fig. 7. Photomicrograph of mejdian longitudinal section of specimen in Stadium II, 
of same age as that in Fig. 6, showing extraordinarily expanded invagination cavity. 
Attachment of primary endoderm to anterior surface of turned-in wall of invagination 
cavity 1$ in the same condition as in Fig. 6. x80. ipc isolated parablastic cell* 
Other abbreviations as in Fig. 2. 
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Even if the development proceeds, the extension of the embryonic 
shield and the structure and thickness of the superficial ectodermal layer 
show no notable changes, when compared with those in earlier stages. 
So it is not necessary to describe these features here. Subsequent mor- 
phological change in the blastoderm is principally restricted to that in the 
invagination cavity and in the head process. 

The invagination of the archistome progresses further, i. e. the ante- 
riorly directed invagination at the bottom advances more anteriorly. In 
this case, it is noticeable that there are great variations in the shape of 
its distal part. In one specimen (Ser. 20), the bottom of the invagination 
cavity expanded much in a somewhat dorsal direction, and showed a round 
cavity accurately distinguished from the narrow blastoporic region (Fig. 
7). In another (Ser. 24), on the contrary, the invagination cavity was 
very narrow, both the distal part and the outlet having the same calibre 
(Fig. 6). A transitional case (Ser. 28) was also found (Fig. 8). In a 
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Fig. 8. Photomicrograph of median longitudinal section of specimen in Stadium 11, 
slightly later than that shown in Fig. 7, showing a most remarkable coherence of 
parablastic cells to primary endoderm in portion anterior to primitive plate. x80. 
ipc isolated parablastic cell. Other abbreviations as in Fig. 2. 

normal case in Stadium II, the blastoporic opening becomes somewhat 
narrower than that in the earlier stage, and this reduction in calibre of 
the opening is caused mainly by the backward growth of the anterior lip 
directed dorsorcaudally. 

A median small, but remarkal)Ie, cellular process was, in a few cases, 
observed on the posterior lip, directed anteriorly towards the blastoporic 
opening (Fig. 9., and IX. .,,, 1 » in PI. X). No explanation of its significance 
has as yet beeri found. 

In the stages succeeding the above, the region which has been previous- 
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Fig. 9. Photomicrograph of transverse sections of specimen in Stadium II of nearly 
same age as that in Fig. 8, in order of 1-5 from, anterior to posterior, showing dorso- 
ventrally flattened invagination cavity in Zl k^b in reg(ion of posterior blastoporic lip 
in 3, and large intercellular cavities in primitive plate, which are most remarkable 
in 4 and 5. X80. aw anterior wall of invagination cavity, icp isolated parablastic 
cell, invagination cavity, i^.knob of posterior lip, / left side,.p« primary endqderm, 
prp primitiv plate, r right side, see ectoderm of embryonic shield. 
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ly called the ‘ anterior wall ’ is more appropriately termed the ‘ dorsal 
wall ’ of the invaRination cavity. 

The invagination cavity broadens laterally (Fig. 9-, and IX 4 un.i r. in PI. 
XI, and is barely overlapped by the anterior lip, which consists of two 
layers, viz. the outer, thinner ectoderm and the inner, thicker secondary 
endoderm (Fig. 7). On the rim of the anterior lip, both layers unite with 
each other, and their continuation forms the roof of the invagination cavity 
(IX 4 iimi b in PI. X). The ectodermal epithelium loses its columnar arrange- 
ment of cells in the united region of both layers, and reveals an active 
proliferation directed anteriorly (Fig. 7). It has been ascertained that 
migration of cells from the ectoderm to the secondary endoderm occurs 
at this turned-in region at the top of the anterior lip. In this stage, the 
columnar arrangement of cells on the walls of the invagination cavity is 
restricted only to the dorsal and anterior parts, though it is more indistinct 
than that in earlier stages. 

Several intercellular spaces are often found in the cell-mass of the 
primitive plate, and, in one specimen (Ser. 17), they were extraordinarily 
large, forming cavities (Fig. 94,ui,i r,). 

The primary endoderm coheres to the underface of the plate substance, 
particularly in its anterior part. In the posterior region, however, more 
or less, the coherence is so loose, that irregularly slit-like spaces are found 
between the two (Fig. 7, and IXn^ia in PI. X). Along the anterior 
extremity of the wall of the invagination cavity, the primary endodermal 
layer creeps dorsally in contact with its surface, and it seems as if it were 
the continuation of ceils situated on the outer surface of the dorsal wall 
(Figs. 6, 7 and 8). In the region anterior to this, amoeboid parablastic 
cells, scattered in the subgerminal fluid cavity, cohere to the primary 
endoderm, and frequently form an irregular honey-combed structure (Fig. 8). 

The relation between the ectoderm and the primary endoderm is still 
intimate at the annular zone, as seen in earlier stages (V in PI. IX). 

In specimens at a little later stage, the contour of the invagination 
cavity shows no remarkable changes, but the forward encroachment of 
the anterior extremity of the anterior wall is very conspicuous, and shows 
a typical head process as a triangular prominence in a median longitudinal 
section. This process is encroaching in contact with the underlying endo- 
dermal layer, which is not already a unicellular, but, partially, and very 
irregularly, a layer of two- or three-cell thickness, owing to the addition 
of subjacent paraldastic cells. Consequently, the differentiation into the 
material of the head process and that of the primary endoderm is indistinct, 
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and it is difficult to point out the anterior limit of the head process. 

Cells, forming walls of the invagination cavity, no longer show a 
columnar arrangement. Accordingly, the surface of the walls, facing the 
cavity, becomes somewhat irregular. 

The cells in the upper region of the primitive plate are associated 
loosely, and those in the deeper region comparatively compactly. The 
mitotic figures in the region near the posterior margin of the plate are 
very remarkable, and show the participation of these cells in the formation 
of the peristomial mesoderm. 

In this stage, the peristomial mesoderm makes its appearance for the 
first time, and the distinctness between the peristomial mesoderm and the 
superficial ectoderm is clear at the posterior margin of the primitive plate, 
particularly at the margins postero-lateral to the plate. 

STADIUM III 

As the development goes on, the invagination cavity deepens rapidly 
in the anterior direction (Figs. 10 and 11), and finally assumes a horizontal 



Fig. 10. Photomicrograph of median longitudinal section of specimen in 
Stadium III, showing two parts of invagination cavity and chorda primordium 
originating from dorsal wall of invagination cavity. Dorsal and ventral walls of 
invagination cavity are almost the same in thickness. Ventral face of primitive 
plate becomes flat owing to its antero-posterior extension. x80. a anterior, ap 
anterior lip, chp chorda primordium, epi expanded portion of invagination cavitjs 
oi narrow outlet of invagination cavity, pe primary endoderm, pp posterior lip, 

$ee ectoderm of embryonic shield, sep superficial ectoderm of primitive plate. 

position, as a whole (Fig. The invagination cavity in the present 

stadium, when viewed from the dorsal, is an elongated triangle directed 
anteriorly with an anterior extremity, which ends more or less pointedly 
(X, in H. X). In transverse sections, the middle part of the cavity is 
spindle-shaped, being expanded laterally (Xs in PI. X), and the hinder- 
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most part, or the region immediately anterior to the outer opening, forms 
a slit-Hke space, being flattened dorso-ventrally (X, in PI. X). In a 
median longitudinal section, the posterior part of the cavity is narrow, 
forming a slit-like space, and is distinguished from the middle, dorso- 
ventrally expanded part (Figs. 10, 11 and 12, ,,,,, 12 ). The roof of the cavity 



Fig. 1]. Photomicrograph of median longitudinal section of specimen of 
nearly the same age as that in Fig. 10* showing somewhat dorso-anleriorly diroc* 
ted, anterior extremity of invagination cavity and loosely associated cells in 
ventral wall of invagination cavity. x80. Abbreviations as in Fig. 10. 


consists of a thinner, superficial ectoderm and a thicker turned-in endoderm 
(Xii in PI. X), which now forms the chorda dorsalis (Figs. 10-12,). 

The anterior lip somewhat overhangs the posterior lip, so that, here- 
after, they may be called, respectively, the dorsal and the ventral lips. 
This condition of the blastopore, just stated, represents a transitional stage 
from an archistome to a prostome. 

The surface of the primitive plate is now slanting posteriorly, and its 
ventral face becomes more flattened. On the boundary between the 
primitive plate and the annular zone, there exists a shallow groove, which 
has been making its appearance from a much earlier stage (Figs. 10-12,). 
Owing to the downgrowth of the anterior part of the primitive plate 
caused by the deepening of die invagination cavity and to the formation 
of the peristomial mesoderm in the posterior region of the plate, the plate 
itself becomes flat and elongated antero-posteriorly. The lateral extension 
of the rudimentary peritomial mesoderm is also fairly remarkable, i. e. the 
distance between the ventral lip and the posterior margin of the plate is 
much less than the breadth of the plate at the level of the ventral lip. 
For instance, the measurements of three typical specimens are given here : 
viz. the distance and the breadth was, respectively, 0.42 mm., 1.0.5 mm. in 
a specimen numbered Ser. 18; 0.55 mm., 1.04 mm. in Ser. 8; and 0.53 mm., 
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1.02 mm. in Ser. 19. In the present stage, the cells near the surface of 
the primitive plate proliferate towards the inner zone. Such a figure is 
most noticeable, particularly in the posterior half of the plate. It may, 
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Fig. 12. Photomicrograph of longitudinal sections of specimen in Stadium 111, later 
than that in Fig. 11, in order of 1-3 from median to right, showing fully grown 
invagination cavity lying horizontally as a whole. X 80. In 1 (median), chorda prinior- 
dium is in course of establishment, and tissue at anterior extremity of wall of invagi- 
nation cavity forms meshes of network. In 2, floor of invagination cavity is recogniz- 
able as a double layer. In 3, laterally extended tissue of chorda ptimordium is 
obvious, a anterior, ap anterior lip, ape aggregation of parablastic cells, chp chorda 
primordium, epi expanded portion of invagination cavity* lep lateral margin of chorda 
primordium, ipb lateral iK)rtion of blastopore, m narrow outlet of invagination cavity, 
p posterior, pc primary endoderm, pp posterior lip, see ectoderm of embryonic shield, 
sep superficial ectoderm of primitive plate. 

therefore, be suggested that these phjliferated cells participate in the 
formation of the peristomial mesoderm. 

In tile ventral part of the antorior extremity of the wall of the invagi- 
nation cavity, cells are most loosely associated, and form irregular inter 
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cellular cavities showing a honey combed structure (Fig. 12|). Some of 
the cavities communicate with the subgerminal fluid cavity, breaking through 
the underlying primary endoderm (Fig. 

With the progress of development, the invagination cavity attains its 
full length, indicating the stage immediately before the breaking through 
of the invagination cavity into the subgerminal cavity below. Simultaneous- 
ly, the anterior part of the invagination cavity, which has been shown as 
a triangle in a surface view, expands more laterally (Fig. 14»), and the 
secondary endodermal layer," which has been forming the upper part of 
the floor of the invagination cavity, becomes thinner, rapidly combining 
more steadily with the primary endodermal layer than is the case in earlier 
stages (Fig. 14i). The conditions, just mentioned, give marked characteri- 
stics to this stadium. 


chp se see 



Fig. 13. Photomicrograph of median longitudinal section of specimen in Stadium 
III, slightly later . than that shown in Fig. 12, showing part of floor of invagination 
cavity consisting of double layer. X 160. a anterior, chp chorda primordium, db double 
layer consisting of primary and secondary endoderms, p posterior, pe primary endo- 
derm, se secondary endoderm, see ectoderm of embryonic shield. 

Irregular intercellular cavities, which have been formed in the ventral 
region of the anterior wall of the invagination cavity, now become more 
conspicuous and form meshes of network (Fig. 13). Cells in the floor, 
i. e. in the region somewhat posterior to, and, particularly, postero-lateral 
to, the region just noted, tend to show a similar structure (Figs. 12, a, 
13 and 14, ,u,d »). Some of the cavities communicate with the subgerminal 
cavity, as have been found in the anterior wall of the invagination cavity 
in Aarlier stages (Fig. 14,..*). It is noteworthy, that the floor of the 
invagination cavity is represented by a sheet, which consists, temporarily, 
of two cell-layers, viz. tlie primary and secondary endoderms. This structure 
is most distinct, when the intercellular cavities appear in this region (Fig. 
13), but soon disappears. When the retirement of t^ region here described 
takes {dace, the area of the floor becomes occupied, partially, by a some- 
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wfatt ifMgriaE' ihMt eofisitting o{ both kyen. The irregukrity in thk 
diMt* frequendiy, strengdiens in degree, owing to the addition of wibjacent 
ganbioitfr odit.lF^ 14t)* The eondkion, Above-stated, » restricted only 
ki te flsar region of the invagination cavity, and its anterior extremity 
k, aweo or kss^ raised dorsaBy, diowing the condition that has been 
observed in e a rl i er stages. 

Owing to the rapid encroadbnnent of the tip kE the invagination cavity, 
its anterior extremity becomes bounded by a layer of two- or three-cell 
thickness from the intervening cavity between the superficial ectoderm and 
the primary endoderm, as clearly seen in a further developed specimen 
^g. 14j nod »K Tha fomnrtkn] of inlereeltBlsr cavities in the anterior wall 
becomes gradually more prominent, and, finally, some of them communicate 
with the intervenknt cavity anterior to them. 

By this stage, the chorda prhnoHhnm has readily attained the posterior 
half of the embryonic shiehf, and die cdls constitoting it are arranged 
very loosriy, presenting a characteristic appearance in sections (Fig. 13). 

On the rim of the dorsal lip, cells are actively proliferating forwards. 
In a rather more developed specimen, one die most characterized features 
is a marked mcrement in the namber of cells, owing to an active cell- 
diririon at the tamed>in rim of die secondary endoderm, showing the 
presence of a definite intamescenee, which is most prominent particularly 
OR the methan longitudinal line. No ectodermal elements participate in 
the ferroadon of die iittumesennee. The corresponding ventral wall sinks 
nsponditv to .this thickening, and forms a well-marked depression. This 
M a temporary condition, which, however, rmniuns the same until the 
stage at whid) die breaking through occnrs. 

In connection with the rapid formation of the peristomial mesoderm, 
the primitive ^ate exte^ posterieriy and postero-iaterally much more 
than is eoikr sCsges, ‘and ffottenes, rianting smoothly towards die poste- 
rior. Oo the hindier margin of the plate, there is now no furrow, such 
m has been aeeogideed k earlier stages ; accordingly, the boundary between 
thta p riis id vO' plata and the aSmtar zone becomes quite indistinct. In this 
iwgfata , the fee uta tioa wf dip peristomial uResodemi from the eelkt of the 
pohnitiye idate is most active, and enmiaches posteriorly and postetta- 
IkkiitaBy l«t«tata» the aupesfioiri eetodnrm and the ondatlyhig eadodBrm. 
1%.; a |ie a ede| . i ta d kyer k diatitiOfy sepaeated front the prinuay endaderm, 
\iwg-ikikiwe^^^ iTOtofew. FMm^{s«dro ohnsTvatitm 

' ptfotaidasiata pw ee s ro s and ^ wm^ng of ^ ocHsi. it k 

• IM'i l i ij k ti rf of eiih 'froer. the eetodesm occurs* Oa tha 
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contrary, there is no connection between the mesoderm and the primary 
endoderm. 

The parablastic cells are still forming aggregations in the subgerminal 
cavity. Owing to the addition of some of these cells, the primary endo- 
derm underneath the embryonic shield is not already a perfectly unicellular, 
but forms, partially, a very irregular layer of two- or three-cell thickness, 
the coherence of more subjacent cells being observed. 

STADIUM IV 

This stadium includes the stages of the breaking through of the in- 
vagination cavity into the subgerminal cavity. 

The chorda primordium, or the original dorsal wall of the turned-in 
endoderm, extends through nearly half the length of the embryonic shield, 
and the floor of the invagination cavity, which is just in the course of 
breaking through, attains about half the total length of the cavity (VIII, 
in PI. IX). 

The endodermal sheet, which has been shown previously as a double 
layer intervening between die invagination cavity and the subgerminal 
cavity, becomes thinner until both cavities communicate with each other. 
It is of great interest to pursue the factors causing the breaking through. 
The disappearance of the cells, forming the endodermal sheet, is caused 
principally by the lateral and anterior ietirement due to a rapid growth 
of the chorda primordium, and, partly, by the retreatment of the anterior 
boundary of the primitive plate. In this case, the endodermal sheet is 
simply drawn circumferentially, but some cells frequently remain on the 
level of the area of breaking through, this depending on the condition 
that the cells, constituting this sheet, are not arranged uniformly, as 
mentioned previously (Figs. 15, and 16). In this region, besides these 
cells, the subjacent parablastic celk are frequently found scattered, either 
isolated or in aggregated groups. Both kinds of cdls are easily distinguish- 
able, according to the large size and well-staiaing pn^t^rty of the cytoplasm 
in the subjacent cells (Fig. 15, Mia t). These conditions last in the succeed- 
ing stages. 

As, at flrst, the tuealdng through takes place gena»lly in tiie central 
depressed portion in tiie floor, of the invagination cavity, shdives of cdb, 
dkected anteriorly uid posteriorly, remain on tiie levd of breaking through, 
as shovn in the median longitudind sections (Figs. 15, and 16, and Vill, 
ia^ n. IX). Both lateral ptnrtions ol the broken floor still consist a 
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ir>. l’li(jtonii<'ro^raph of longitudinal sorlions of sprcina*n in Stadium IV\ in 
ordor of 1 d from median to lateral, sbowinf? <*omm<‘neement of lueakinp, throuj^h ami 
remaining shelf in 1, single-layered floor in 2, and double layered floor in d. *100. 
a anterior, apt aAi/j^rcfration of parablastie e«dls, bt hreaUinjf ihroiiKh ui floor of in- 
vaf^ination eavily, chp ehonla primordium, db <loul)l<‘’layer(‘d floiu' of invaKination 
c-avity» ic intervcuiienl cavity In’tweeri ectoderm and endod('rm, ipc isolated (larahlastie 
c<*ll, me.'? meshes of network, p postei ior. pv piimarv endoderin, rsh remaining shtdf 
of floor of inv'iip:itmtion cavity, sr sec’ondarv <*n(h)derm, srv ectoderm of embryonic 
shield. 

single layer, and going further laterally, for this single layer is substituted 
a double layer, as has been observed in the median sections of earlier 
specimen (Fig. 15, a). The remaining cell-shelves h(*com(* completely ob- 
literated in the immediately succeeding stage. When the thinned floor of 
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the invagination cavity disappears, or the mov(»mont of breaking through 
is completed, the blastoporic passage, or Kupfferian canal, makes its 
appearance for th(' first time. 

Cells, constituting the original anterior wall of the invagination cavity, 
encroach more anteriorly, in contact with the surface of the primary 
endoderm, and form a number of irregular intercellular cavities in its 
structure, prescmting a nimarkably peculiar appearance (Fig. 15, n, and 
vin, in FI. IX). Some of the intercellular cavities, situated comparci- 
tively posteriorly, oftcm communicate with the invagination cavity and with 
the subgerrninal cavity (VIII2 in PI. IX); others are open to the blastocoelic 
cavity, which is anterior to the intercellular cavities, and which intervenc's 
between the ectoderm and the primary endoderm (Fig. 15, . 1 , 


sop ])]) ap ini rhp sor 



po rsh bt rsti 


Fig. 10. Photornirrograph uf inodiun longitudinal soction of specimen in 
Stadium IV, later than that in Fig. 15, showing much elongated chorda primordium 
and n*al state of bn*aking through of floor of invagination cavity. Intumescence 
on ventral margin of anterior lip, and remaining shelves are seen also. x80. n 
anterior, np anterior lip, ht breaking through of floor of invagination cavity, chp 
chorda primordium, ini intumesc<*nce at anterior lip, p posterior, />c primary 
endoderm, pp posterior lip, rsh remaining shelves of floor of invagination cavity, 
sec ectoderm of embryonic shield, sep superfic ial ectoderm of primitive [)lale. 

Finally, the primary and secondary endoderms in this region merge 
into each other, so that, particularly in the anterior portion, the differen- 
tiation into both (mdoderms becomc»s more or less indistinct. But, as 
noted before, the secondary endoderm is represented generally by a thicker 
layer of loosely associated cells, containing many intercellular vacuoles, 
while the primary endoderm is represented by a thinner layer, partially, 
of two- or three-cell thickness. 

In the succeeding stages, the primary endoderm might have appeared 
as an anterior continuation of the secondary endoderm in the median 
section (Fig. 16). Rut this is not the case. The anterior extremity of 
the secondary endoderm, which is represented by that of chorda primor- 


BARLY DEVELOPMENT OF THE STRIPED SNAKE OF JAPAN 


14J 


dium, is scarcely recognizable, and the posterior limit of the primary endo* 
derm in this region is never indicated by the anterior extremity of the 
chorda primordipm, because the occurrence of the former ought to be more 
posterior. This fact may be comprehended more clearly if the positional 
relation between the anterior extremity of the secondary endoderm and 
the region of breaking through has been understood in a rather earlier 
stage. 

Resulting from these conditions, the blastocoelic space, intervening 
between the ectoderm and the endoderm, becomes obliterated by the 
forward encroachment, by degrees, of the chorda primordium, beginning 
at its median posterior part. 

The ventral surface of the chorda primordium, facing the KupKerian 
canal, consists of compactly associated cells, but, on the contrary, the 
dorsal surface, facing the ectodermal layer, consists of very loosely associa- 
ted cells, from each of which an irregular protoplasmic process projects 
towards the ectoderm (Fig. 15i»ndi> and in PI. IX). 

On the rim of the dorsal blastoporic lip, the turned-in endoderm shows 
a notable intumescence, apparently owing to active cell-division in this 
portion. This intumescence is that, which has been already observed in 
earlier stages, but, in Stadium IV, it is most pronounced (VIII, in PI. IX). 
In a later stage of this stadium, the intumescence gradually disappears 
(Fig. 16). The dorsal lip is much raised, overlapping the ventral lip 
completely. This condition indicates, typically, what is called the prostome. 

The primitive plate is much flattened and remarkably expanded. The 
formation of the peristomial mesoderm is also very conspicuous, owing to 
the posteriorly directed proliferation of cells in the undifferentiated portion 
of the primitive plate and to the addition of a small number of cells from 
the superficial ectoderm. The mesodermal cells encroach further posteriorly 
to a considerable extent, and form a d^nite sheet terminating freely in 
a pointed end. The primary endodermal layer is well demarcated in the 
mesodermal region and in the posterior region of the primitive plate. In 
the anterior region, however, the primary endoderm coheres closely to the 
cdl-mass of the primitive plate, and, finally, its distinctness on the foremost 
boundary is no h>nger visible (Fig. 16, and VIII, in PI. IX). 

STADIUM V 

.Hiis a tad iom, which indudes all the serial stages later than the com- 
pletion of die Kupfferian canal, is characterized by the alteration of the 
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fomr ot tbe Hastoporfe passage, by the eatSblidhiiHmt ctf Ae primiw>> 

(ftm, axiS hy (fte formal of fte gastral maaoS&m, 

Hie KapflMnii canid becomes mote obiltiiie aitdf shotter, owing to ^ 
metKng^ of the anterior margin ol Ae primitive pfate, which limits 
the area brohen throngfi. thus, this is a ^lort oblique canal with a 
posterior (dmsai, outer) andt an anteri(H^ (ventrd, innet^ opening, by which 
the outside ol the embryo and the subgerminal fluid cavity respectivtdy 
communicate (Xlt in PI. X). But, a litde later, die anterior opening 
narrows, so that the camd has a funnel shape being flattened dorso- 
vmtrally, with its narrow end anteriorly (Brected (Xlt in PI. X). 

The parablastic cells often remain in the sabgerminal fluid cavity in 
die regioMf of the anterior opening, bat, some of diem, which are anterior 
in position, are also in close contiguity writh the underface ol the primary 
endodecm. It is worthy of note that this structure may eawly be mistaken 
for a remaimng anterior dielf (Xltsma^ in Pi. X). 

The remarkable hutuoiescence on the rim of die donal lip disappears 
with the completion of the Kut^erian canal. The present writer is not 
able, at present, to explain die signiflcimce of this thickening. When the 
intu m e sc wie e disappears, the chorda prbnordiera, between die rim of die 
dwsal hp and the region diglitty antorior to dm vektral openiHg, shows 
a Oftihmn tbidenem. The thickness of the supntfldd ectoderm, whhh has 
remamed almost ^ same from an eariier to ddi sfe^, t«nds to increase, 
bat, cm the contrary, the toosdy strucfored chorda pritnerdium becomes 
cemaricaUy cmopact sBid comparatively thin. Conseqoendy, in the region 
jost noted, both layers, the superficial eotodemi and the efaonfe {wimerdiuniv 
aire now nearly ^ same in diidmess (XI, in IT. X). ' Farther anterioi^, 
the. diffisrendation^ between die dhorda primordhim and die primaiy 
endoderm, baeemas very indistinct, so that diere emsts now a layer, parattet 
to and bcufeoih Ae ectodmm, diere faeaig a ^ace «d eboai a iM’s breaddi 
between them. This panllel, ImdEdyk^ layer is by degreae cotaArtently 
tUnom antmieify (Xf, iw PI. X). 

The prhiitdyw fdbto is gnahNdbt ^mWdting ht d^th to its antorior 
peat, and cmnMoto ineireeeiidtimtoi^ Ae .BMderisiikig endoderm than- 
it does in earlier stages^ In ttoptodwf these c c Wid Wcns , die diMam 
appearmice of the primacy endoderm is detectable only in the posterior 
hdf of the primitive plate and- hi dtorlatoral rtodowa ^ the shirid, where 
the chorda primordium doto net mcresd (Xlsma^ th IT. X:). Tim 

ponulll^rQ' pdinirV DOCXHuOrSo imUCfi fUi^BflfQCri IRSflMlI^ lQTlSnVr JPOwPBPImO/* wI' a 

whoica Tjm nipici Dflcxwm eMXSuMSm of Um fmo V .mnocf ixf 
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tho formation of th(‘ peristomial mesoderm, owing to a cunsf)iLLiou.s migrat- 
ing activity of the undifferentiated cell-mass. The developmental d(‘gree 
of the peristomial mesoderm differs much even in individuals at the same 
stage, and, in a typical specimen (Ser. *^7), its median length m(‘asured 
1.1mm. and reach('d two-thirds of the length of the (mihryonic shield. 

In specimens in this stadium, there is found an active cell-i)roliferalion, 
directed antero laU'rally at both regions laU^ral to the posterior opening of 
the Kupfferian canal. This cell-proliferation is th(‘ first appearance of th(‘ 
gastral mesoderm. Thus, the formation of the gastral mesodt'rm is delayed 

more than the establishment of the chorda primordiurn. As the lateral 

and ant(To-lateral (extensions of the gastral mesoderm proceed, in both 
oroximal parts, the chorda primordiurn comes in contact with the gastral 
mesoderm, and both elements merge into each other, with an addition of 
cells from the pre-('xisting chorda primordiurn. This condition is most 
remarkabh' in the region near the Kupfferian canal, and by degree's be- 
comes anteriorly slighter. The proliferated cells are more loosely associated 
when going furth(T from the /one of diff(‘rentialion, and show typical 
mesod(*rmal charact<^rs, ('ach (’ell being round-shaped (XI-, in V\. X). On 
a transversal line through the posU'rior opening of the Kupfferian canal, 
the gastral mesoderm comes in contact with the lateral extension of th(' 

p(Tistomial m(*soderm, which is already form(’d (XI„ , in PI. X). That 

is to say, th(‘ gaslral mesod(Tm represents both ant(To-laterally extended 
portions of the peristomial m(‘soderm as a whole. The peristomial mesoderm 
extends caudally, attach(Ml to the superficial ectoderm, while the gastral 
mesoderm cre(*ps, ant(To-laterally, from the rt'gions of its oi-igination, along 
the upper iace of the primary endoderm, with a slit-like spac(* betw(^en it 
and the ectoderm. So, the positional substitution of both mesoderms 
clearly gives rise, in the region immediately lateral to th(* p()st(‘ri()r op(m- 
ing of the Kupfferian canal (XI, in PI. X). TIk' margins of the exten(l('d 
gaslral m(*soderm terminate in a somewhat blunt end (XI7 .,,,.1 s in PI. X). 

The latest .stage at the disposal of the present writer is characterized 
by prosperous wing-like extensions of the gastral m(?soderm. The lateral 
and antero lateral extensions of the mesod(Tm an* very rapid in Stadium 
V. Consequently, the anterior (*xtremily of the chorda primordiurn is 
situated along the median lin(* more post(*ri(n*Iy to that of the gastral 
mesoderm in either lateral portion of the embryonic shield. The gastral 
mesoderm becomes separated more or less distinctly from the primary 
endoderm, and forms a she(*t of cells. The anterior margin of the gastral 
mesoderm thickens, forming a small cell-aggregation, and coheres with the 
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superficial ectoderm more closely than elsewhere. This remarkable ex- 
tension of the gastral mesoderm in specimens belonging to this stage has 
been termed ‘ Mesodermfliigel ’ by Ballowitz in the case of Trojndonotus 
natrix BoiK. 

The shape of the posterior opening of the Kupfferian canal represents 
a transitional condition between a prostome and a metastome. 


see ap pp sep e pni 



pdd pe 


Fig. 17. Photomicrograph of longitudinal sectioOt slightly lalt^ral to median, of 
specimen in Stadium V, showing peculiar inlet in region of posterior lip. I.4iteraliy 
extended |K)steri<»r portion of Kupfferian canal, and peristomial mesoderm insinuated 
posteriorly between ectoderm and endotlerm are also shown. x80. a ant<*rior, ap 
anterior lip, e ectoderm of annular zone, p posterior, pdd posteriorly directed inlet 
of Kupfferian canal, pe primary endoderm, pm peristomial mesoderm, pp posU*rit»r 
lip, see ectoderm of embryonic shield, sep superficial ectodenn of primitive plate. 

In some specimens (Sers. 26, 30 and 37), there wa.s found on the 
outer surface corresponding to the part slightly on the inner side of the 
original posterior lip, a peculiar backward inlet, the walls of which consist 
of a compact cell-layer similar to that on the surface of the primitive plate 
(Fig. 17, and XI 2 in PI. X). This inlet resembles that found already by 
Kupffer (1882) in Lacerta viridis, by Wenckebach (1891) in Lacerta 
agilis, and by Inukai (1927) in Takydromus tacky dromoides. More 
examples are, however, necessary in order to accomplish the inv(»stigation 
in regard to this inlet. 


Conclusive Remarks and Comparison with Results 
Previously Obtained 

I. SUBGERMINAL FLUID CAVITY AND ITS SIGNIFICANCE 

In the Ophidia, as the present writer has already noted in regard to 
its early developmental stages, an extraordinarily spacious subgerminal fluid 
cavity is present underneath the blastoderm. In this cavity, a quantity 
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0t vSmd sobgenauud Aiid sod a gneat number of free cells are recog- 
adiablB as die eonteots. From the fact that such a spacious subgerminal 
IS never -found in other footed reptdes, it is obvious that the occur- 
MRoe of this extensive cavity is caused by the soft property of the shell- 
snembranes, by the scantiness in albumen, and by the morphological and 
ecological condidons in the case of maternal snakes. 

U. ORIGIN OF PARABLASTIC CEULS 

It is also confirmed diet many various parablastic cdls scattered in the 
subgerminal cavity are produced mainly by proliferation in the region of 
the yolk surface and in a few cases of the circumferential germ wall. 
Such cells in snalces have already been described by Kupffer (1882), 
Wnx (1899), <xERHARDT and O. Hertwig (1901), and by Ballowitz (1901). 
The present writer, also, investigated the origin of diese cells, and ascer- 
tained diat diey issue from the simple upward isolation of ceils, which 
are scattered in, or of meroblastic nuclei, which are embedded in the yolk 
matter, after the establishment of the blastoderm. 

Ill KINDS O? THE PARABLASTIC CELLS 

Each cell, which is situated in the upper zone of the subgerminal 
cavity and contains a comparatively distinct nucleus, and which resembles 
the oelk of the incomplete primary endodermal layer at the time, indicates 
that the stage of its proiiferadon is earlier than that of each cell, which 
is situated in the lower zone ait the cavity, on acount of their positional 
and morphoiegical relatuina. It is, therefore, afiinned that the cells, which 
are situated nooie deqily or are scattered nearo- the yolk surface, are 
fanned devetcpmeatally later than the upper ones. 

Kupffer states diat “ Die am tiefstun sich findenden Elemente er- 
achaiaaB, aacb Auweadung des Eingangs erwahnten Flirhever&ibrens, ala 
htaaae dWugtaauUrte Kagaln obae wahre Kerne, aber versefaen mit 1-2 
amcheinead hamogeoen, intaasiv gefaibten KernkSipercheD.” The presexd 
swriteri hufsever, in go oaae found spheres correaponding to the Kugei ” 
of KiBWfeR. Aay apb<se which has no nucleus is not to be considnrad 
a real cell, but eonreqmnds probably to the yolk-mass observed by the 
peasant wcilne, iaehitBd fnwB the ydk aucfaae togather with the prdifera- 
ted paraUastk c^s. 

It is pnAah^ a miaiatasptetatioD to pandude that the dnsimiUrity in 
lantiiRe haterami ngper and lewer cells, dt»a to their peeitional diffenmea. 
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is caused by the metamorphosis of the cells Aemselves. It is rather to 
be presumed that the dissimilarity is caused by the difference in the 
periods of their origination'. The upper cells, which are proliferated 
earlier, present a resemblance in feature to the cells, which are produced 
in the course of the constitution of the primary endoderm. As the 
proliferation of the lower parablastic cells becomes feebler with the pro- 
gress of development, th^e cells, which originate later than the upper 
parablastic cells, and which are not formed already in the deeper part, 
seem to show a degenerative condition. Accordingly, the presence of the 
cells is doubtful, on which Kupffer notes that ‘‘diese folgen gegen die 
Oberflache bin gleichfalls kugelige Elemente (a kind of parablastic cells 
according to him) von annahemd derselben Grosse, die in toto lebhaft 
gefarbt und starker granulirt erscheinen, aber weder Kerne noch Kern- 
korperchen aufweisen.” As to such cells, as Kupffer describes, the present 
writer thinks presumably that the nucleus and the nucleolus were over- 
looked in consequence of the strong staining property of the cell-contents. 

IV. ARRAT^lGEMENT OF THE PARABIJVSTIC CELLS 

According to Gerhardt, these free parablastic cells as^^emble at first 
in threads, starting at the roof of the subgerminal cavity, upwards, and 
reaching to its floor, downwards. The threads of these cells are directed 
vertically at the beginning of their formation, but, generally, become 
irregular being associated with other threads horizontal to the roof of the 
cavity, and, the horizontal threads becoming finally predominant. Notwith- 
standing this, in the material under investigation, the present writer was 
not able, thoroughly, to observe such comparatively regular, morphological 
changes. Although Gerhardt did not note fully regarding the cells, 
corresponding to the deeper cells found by the present writer, his cells 
appear to belong to the writer’s upper cells, and these upper cells aggregate 
from the first in a very irregular manner, without showing any resemblance 
to the process of development given by Gerhardt, The condition of the 
upper cells, which remained slightly in the region of the subgerminal cavity, 
is confirmed even in a much later stage, i. e. after the completion of the 
Kupfferian canal, rather in agreement with the description of Will. 

V. CONNECTION BETWEEN, AND THE ALTORATION OF THE FORM 
OF, THE PARABLASTIC CELLS 

, Gerhardt speaks of fine protoplasmic processes connecting^ the para- 
blastie cells. Allied structures were also found in tile specimens of the 
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present writer, but they are apparently structures caused by coagulation of 
the subgerminal fluid due to hardening. According to him, “ Die dotter- 
haltigen Zellen verlieren dabei den Dotter mehr und mehr, so dass urn 
den Zellkern schliesslich nur ein ganz schmaler Protoplasmahof iibrig 
bleibt.” The present writer objects, however, to his interpretation in 
regard to this phenomenon, given in the above statement. 

VI. GROWTH OF THE AGGREGATION OF PARABLASTIC CELLS 

Ballowitz observes mitotic figures in the cells of aggregations which 
are situated near the primary endoderm. Gerhardt also mentions that 
the thread of cells grows by division of the cells constituting the thread 
itself and by the addition of the parablastic cells from the lower part of 
the cavity. Notwithstanding this, the present writer did not observe any 
mitotic figures in the subgerminal cavity. Regarding the growth of the 
cell-aggregated thread, he is of opinion that it is caused only by the 
annexation of free parablastic cells, which are gradually proliferated up- 
wards from the yolk-surface by the so-called ‘ Nachfurchung.’ 

Vll. PRIMARY ENDODERM 

Underneath the blastoderm, the parablastic cells, in isolated and aggrega- 
ted conditions, connect with the underface of unicellular primary endo- 
dermal layer, which is not yet completely formed. This layer is one of 
the most marked characteristics in reptiles, and is variously termed by 
many preceding investigators : viz. ‘ Entoderm ’ by Ballowitz, ‘ Lecitho- 
phor ’ by van Beneden, ‘ innere Keimblatt,’ ‘ primare Entoderm,’ or 
‘ Darmdriisenblatt ’ by Gerhardt, ‘ Enteroderm ’ by GStte, ‘ untere Keim- 
blatt ’ or ‘ innere Keimblatt ’ by O. Hertwig, ‘ cenogenetic hypoblast ’ by 
Hubrecht, ‘secund^e Entoderm,’ * Dotterblatt,’ or ‘Paraderm’ by 
Kupffer, ‘Paraderm’ by Mehnert, ‘ cenogenetischt Entoderm’ by 
Wenckebach, ‘ sekundare Entoderm ’ by Will, etc. From the phylogenetic 
view, the endoderm is of secondary formation. This layer is, howevw, 
already in . the course of establishment, before the first appearance of the 
tumed-in endoderm caused by the invagination in the anterior part of die 
primitive plate. From the ontogenetic view, therefore, it is of primary 
formation. In the present paper, the present writer prefers consistently 
die term ‘primary endoderm’ for the endoderm under discussion. For 
die same reason, the ‘primfire Entoderm’ of Gerhardt does not corre- 
^nd to. dial of Kupffer and of Will, but to their ' secundare Entoderm.’ 
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Concerniiig the origin of die {ictiiwiy endodmn, Ae GERHAitDt's inew 
is in substance as fdlows : generally before die prhnaiy mdoderoi lonns> 
a distinct oell-anlage of the primitive jilate has already been «stdbliahei^ 
and, from the primary endoderm, fine connecting processes reach, partially, 
to the undifferentiated ectodermal cell-mass of the primitive plate, into 
which the endodermal cells migrate, and both materials are combined with 
each other. Underneath this region, a single layer of the primary endo- 
derm, whwdi is scarodly recognizable, 'but, as a wlnde, is a new continuous 
substmioe, makes its appearance. This primary -endoderm is more belated 
in process of formation and is more incomplete in atrueture in the &irther 
anteiw tegkm than in that of die primitive (ilate. iFrom diese two faeta, 
it may be assumed that die primary endoderm origmates. from die primi- 
tive -plate and by degrees extends anteriorly between die eetedmmal and 
jmlk substances. Oerhardt averred, oonsequeni^, diat a someadiat 
dwraeteiistic process invagination is reviewed in regard to the method 
of the formation of the primary endodeim. 

Notwithstanding this, the present writer obtained quite a different 
result in his observation of the msgki of this endoderm. Underneath the 
primitive plate, there has already formed a single endodermal layer of 
loosely associated ceUs, which is discriminated only by careful observation, 
and, between the cell-mass of die primitive plate and die underlying 
.endoderm, no such migrations of cells, as Gerhardt obswed, were found. 
No difference was found between the cells constituting the primary endo* 
derm and the parablastic cells scattered in the upper zone of the siib- 
gmrminal cavity. Moreover, in the region of combioation of the parablastic 
cell-aggregations with the endoderm, the endodermal layer showed a 
notable irregidarity, as already stated. It is, therefore, very dear dwt 
the prtmaiy endodermal cdls are nothing but a kind parablaatic cdk. 
This inteiinetation <d the present writer's agrees wdl with that jpven 
{Cupffer. In its parbliherat regton, die piimaiy endodermal layer oon- 
tinuously passes into germ wsA, and the formation of the panddas& 
odls in this region is very ac^: conseqiiendy, the addition of dwlomie, 
the parablastic odls Jn burge numbers to the primaiy endodermal layer 
are also dearly chservahle. . 

IX. ORltaN A14D OF ins 

* to ihn.sMiimd -sd- iQtnMtiuB.-<nf lAe 'MlhMMi -if'tiiNit 
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Rraritiv« fjbls iaaw bee* Juthento lield by many investigators. In the 
aapsa nl Ibis plate, Will finds that itfiere is a migratioB of the subjacent 
asaiodanBal «dk to -Ae teU-mm caastituting the primitwe plate, and 
MBttiiM that the voluminal ineeease of ike plate is caused not only hy 
the increase in number of the original cells in the plate itself, but also 
langeiy by the additian and the immigaatian of subjacent cells. Will’s 
^teikm indinei, oanaaquestJy, to support the endodermal origin. On this 
point, Gerhabdt and O. Hektwig ace of opinioQ that three germinal 
layers are connected with one anodic in the region oi the primitive plate, 
and show an anabcy with tlw primitive streak of the Mammalia and of 
the Ave& From this point of view« .they argued that it is better to say 
diet the primitive j^te indicates a kind of neutral tissue belonging neither 
to the ectoderm nor the endoderm. This opinion is rightly derived from 
-the result of the observation of tihe fornudion of the primary endoderm, 
mentioned above. 

Ballowite specifies three factors which participate in the formation 
of the primitive plate, viz. “ 1) eioe Ean- und Anlagerung von Entoderm- 
zellen, 2) eine Verdickung des Schildepithels, 3) der Umstand, dass das 
Ektodermepitbel an dieser Stelle seinen epithelialen Charakter verliert.” 
That is to say, the thickening ot the primitive plate arises at first from 
the active invasion of endodermal cells, and, then, these cells insert them- 
selves in large numbers between the cells of the loosely associated cell- 
mass which are massed into a tbi(^ layer. It is his opinion that these 
cells are distinguishable according to their form, and, further that in this 
case the sul^acent aggregation of cells participates in the invasion. 

As mentioned above, Ballowitz affirms that the invasion of the endo- 
dermal cells takes place, at first, in the formation of the primitive plate, 
and then, the numerous mitotic division of the inserted cells occurs 
secondarily. BalloWITZ, therefore, reaches die same conclusion as that of 
Will. The observation result of the present writer differs, however, 
flindamenta^, &om the foregoing facts, i. e. when the primitive plate h 
in the course of formation, the endoderm is already present underneath 
the region of ^ primitive plate as a single inconplete layer. Cdls 
hoth sdbManoes cohere wifii ea<h other, but they ere deariy distingaisbdile 
acoerding to their form tmd staining property. From this tect, it is cAivious 
that such an invaaion of the endodermal cells into die plaite-sulntanee, as 
fbteid to be the case by Ballowitz, has never oceurred to speeknens etf 
^'preaent niaterial in the earlier stage. 

As ngteds the evidence above referred to, the growtib of the cdl-mass 
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in the primitive plate is caused apparently by the inward proliferation of 
the superficial ectodcrmnl cells, after the deprivation of its epithelial 
diaracter, and in this Inner celhmass itself, numerous mitotic figures are 
found, hence the successful activity of the cell-division in the inner cells 
is proved conclusively. 

Regarding the increase in bulk in the cell-mass of the primitive plate, 
its underface, which was rather flat in earlier stages, becomes prominent 
downwards. As the result of the observation of the present writer shows, 
the substance of the primitive plate bulges downwards, and coheres more 
closely to the imperfect endodermal layer, which was already being estab- 
lished underneath Ae primitive plate. The present writer leans, con- 
sequently, to Ae opinion that Ae plate-substance originates, exclusively, 
from Ae ectoderm. 

As to the origin of the thickening, the following factors may be 
mentioned: — viz. 1) disappearance of Ae columnar cell-arrangement in 
Ae superficial ectodermal layer, 2) cell-proliferation towards Ae inside in 
Ae ectoderm, and 3) active divisions of Ae proliferated cells. 

X. INVASION BY THE SUBJACENT ENDODERMAL CELLS 
OF THE SUPERFICIAL ECTODERMAL LAYER 

According to Will, Ae distinct invasion of the subjacent cells so as 
to lodge among the cells constiAting Ae superficial layer gives rise to 
Ae posterior portion of Ae primitive plate, to Ae circumferential annular 
zone and to Ae anterior region of Ae embryonic shield, and this supe^ 
ficial layer ought to be designated by Ae term ‘Ectoderm,’ when Ae 
invasion of these cells has ended in the furAer developed stage wiA a 
complete invagination cavity. 

According to Ballowitz, Ae unevenness on Ae underface of Ae ecto- 
dermal epiAelium in Ae region of Ae embryonic shield may be attribu- 
ted to Ae addition due to Ae invasion of Ae endodermal cells, and, 
particularly, in Ae'eariier stages, the endodermal cells participate largely 
in Ae formation and growA of the embryonic shield, but in somewhat 
later stages, this addition is found quite regularly, especially in the reg^n 
of Ae posterior margin of ^ embij'onic shidd, which is furnished wiA 
a distinct primitive plate, t^e result of his observation, consequently, 
agrees fairly wdi wiA . Will’s. 
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XL INTIMATE RELATION BETWEEN THE SUPERFICIAL ECTODERM 
AND THE SUBJACENT ENDODERMAL LAYERS 

In the early stage, when the first indication of the invagination appears, 
Gerhardt observed fine threads communicating with the ectodem and the 
endoderm, and, in the later stage, when the invagination cavity is com> 
pleted, he found also a similar structure running from the endoderm to 
the primitive plate. 

The result of the present writer’s observation is, generally, allied to 
that, but his interpretation differs in detail from that, of previous investi- 
gators. In the present writer’s material, also, in the position similar to 
that, observed by Will, i. e. in the neighbouring portion of the embryonic 
shield, where the superficial ectodermal layer and the subjacent endodermal 
layer cohere with each other, each cell constituting the endoderm directs 
a protoplasmic process towards the ectoderm. Further, between the ecto* 
derm and the endoderm, there is present a small number of cells, regard- 
ing which the present writer cannot decide whether they are ectodermal 
or endodermal, and, each of these cells is subject to the same process as 
that in the endodermal cell. 

According to the facts given above, the inner layer may be considered 
as being a product by separation from the outer layer, and it may be 
presumed that the addition of a small number of cells from the superficial 
ectodermal layer to the inner endodermal layer occurs in this region. 

In a stage with a more developed invagination cavity, the condition 
just mentioned is most remarkable in the region posterior to the embryonic 
shield, as Ballowitz states, and he shows a figure most applicable in 
support of the interpretation mentioned above. 

As has been already stated, the present writer denies the occurrence 
of any addition of parablastic cells to the superficial layer in the material 
under investigation. 

XII. ORIGIN OF MESODERMAL CELLS 

'7 Irt fegard to the origin of the mesodermal cells, different yiews have 
beett; previously put forward by several investigators. 

Kupfper reports having observed his ^ Anhange,’ which are directed 
Upwards ahd downwards connecting the ‘ Dotterblatt ’ (the primary etido- 
dormal lay^ of the present writer). The ^Anhange’ of Kupper cor- 
"prestite the cell-aggregation in the present paper. He 

that the cells in the ^AnhSnge,’ which are stained 
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deq4y 43 azB die paray«atic p«^ migrate iat» die tnpsodensal jegion 
eithw isolated or m i^apregated groups, jpajdddipati0g;lailM^ in die krmor 
tion of the mesodenn. 

Aocoiding -te BiaLOivm, in an early stage, die mesedennal edls 
oiisdnate from die cell'masg situated underneath die eidbryoinc diieM, on 
one hand, and the endodertnal cells emanating from the cell-niass, on die 
other. 

The present writer never observed such ‘ Anfaiinge ' dueeted upwards 
from die endodermal layer as Kupffbr reports tiaidng found, and has no 
confidence in the trudi of his statement. Fuidier, die writer has ascertained 
that the peristomial mesoderm originates from the posteriorly and posterO' 
iateredly directed proliferation the undifferentiated celbmass forming the 
primitive {date in earlier stages, and that then there is a smaH amount of 
inward invasion of cells from the superficial layer on the posterior hdf 
erf dial {date, but that no addition of ceils from the endoderm constituting 
a distinct single layer of spindle-shaped cdls ever takes place. Even when 
the activity of the proliferation of the gastral mesoderm increases up to 
die stage immediately after the breaking through of die invi^ination cavity 
to the subgerminal cavity, the mesodermal cells and the endodermal layer 
are s^arated by a fairly distinct dit-like space, without there being any 
intimate connection between them. 

On the degree of formation of the mesoderm, a remaikshle difference 
is noticeable between the drawing made by KufXfer ^1882, fig. 17, CaUiier 
aeaculapii) and the result found by the present writer. The drawing by 
Kuivpes reveals that the mesoderm is innnuated far anteriorly beyond 
the head process into die space between die ectoderm and the endoderm, 
and f<Hms a remarkable cdl-sheet whjch » termeid ' Axenplatte des Meso- 
derms ’ by Mm. 

In die present writer's specimen, whkh corresponds to die stage 
CclvAer . as drawn by Kut>i^R, mch a conspkuoos hisimiadon of 
mesodermal cells was never found, but only the eetodernud and the primary 
endodermal layers, ne vidhie there, in die caseof fibgifie gtMrfrtvtrgata, 
danefidrei, it js apgnnmt tfapt dm ImmhUon of dm inc«odbi«nal yudiiadBit 
is noticeably inore d^ed dum dMd: jn the :C«se gf OMber macak g p^ 
Sudi an intimate rdation hotween die mesodensal edlii gnd the jdmary 
tmdodeisn in this jrdgioin,^ as fhoiwii ht. the dborhii; hy diMg ivd 

neeefHtttdy <oacur m ihe mtegthd nniiir invesljgitthMi. 

As deserSmd above, the bf. die endadenm} depnnt in 

Iteinition id the mapAdarm ins jcdwteVad ht tUff pf dm 
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tfiTiler's spectmena in whidt the mesodenn is in the course of being es- 
taAiiahed. 

Xin. ORIGIN AND FORMATION OF THE CHORDA PRIMORDIUM AND 
THE IWnWATE RKATION BETWEEN THE CHORDA PRIMORDIUM 
AND THE PRIMARY ENDODERM 

Baux>W1tz Affimos that the od(-mass in tiie wall of the anterior 
adveinitF of the iavagimtion cavity receives a quantity of cdl-material 
frem the threads of the parablastic cells in this region. Kupffbr obtains 
also the same residt. The present writer, however, denies the occarrence 
of such a positive phenomenon. 

In the material of the present writer, the turned-in anterior extremity 
of the wall of the invagination cavity arises in an intimate relation to the 
primary endoderm, which is already in position there, and these elements 
begin to combine graduahy with each other with the progress of the gastrula- 
tkm process. As Will states, the combination becomes more complete, and 
finally both elements merge into each other, and it may be conceived that 
the addition of a small quantity of cell-material of the primary endoderm 
to the chorda j^hnordhim occurs in this region. The loosely associated 
odbrnasB which consista of two elements, and which is described above, 
carists always in this portion. The portion is not settled and in a con.stant 
position, but dmnges anteriorly by degrees, owing to the forward transi- 
tion of the anterior extremity of the invagination cavity, and, thus, the 
dose rdation between the primary endoderm and the chorda primordium 
is dways continned in the anterior part of the latter. 

Tbree factors are specified as contributing to the formation of the 
chorda primordium, viz. 1) thickening in the region of the dorsal wall of 
the turned-in endoderm (secondary endodermal element), 2) addition of a 
small amount of the primary endodermal dement at the turned-in, anterior 
extremity, and 3} forward proliferation on the inner rim of the dorsal lip. 

fiRKWi aU P y axes the term ‘ MesodermsSdcchen ’ for the walls of the 
ipwgl M rt to g emUy, lecoipfidng that the mesoderm is prdiferated from the 
enthe e is me nfa reawt el dm oevily, a«d, therefore, his attention indines 
towards die nnumer in whidi die diorda primordium originates from the 

mesodem* 

BaiXOWCIe reports that the entire walk of the invagination cavity are 
fermed by die transition of the cell-material in the primitive plate. 

IRmi pnae w l Wtttor eeaditrsi as stated above, that die dmida pdmor- 
dhm h OffglMded by die endodMinal deseendants, and therekve repwdk 
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the term ‘Axenplatte des Mesoderms’ used by KuPFTEB,etc. as inappro* 
priate in this case. Consequently, he agrees with the interpretation put 
forward by Wnx. 

XIV. DIFFERENTIATION OF THE GA^TRAL MESODERM 

There is apparent evidence that the gastral mesoderm is originated by 
an active proliferation, directed somewhat antero-ventrally, from either 
lateral part of the dorsal blastoporic lip, immediately before the breaking 
through of the floor of the invagination cavity, and the formation of the 
mesoderm is delayed in time and so is later that df the chorda primordium. 

XV. REIJVTION BETWEEN THE GASTRAL MESODERM AND THE 

CHORDA PRIMORDIUM 

Resulting from such rapid proliferation, the anterior extremity of the 
gastral mesoderm, in a short time, attains almost the level of the anterior 
limit of the chorda primordium, and die anterior extremity of this tissue 
is placed far anteriorly to the level of the most anterior point in the 
median zone of the gastral mesoderm, which is far posterior to the ante* 
rior margin of either lateral wing which extends considerably by this time. 
Both the gastral mesoderm and the chorda primordium become continuous. 

The gastral mesoderm has no connection with the primary endoderm, 
but its formation is, as stated above, exclusively participated in by the 
conspicuous proliferation from the superficial layer of either region lateral 
to the dorsal lip, and, as to the establishment of the gastral mesoderm, it 
is suggested also that the addition of a small amount of the invading (»11- 
element, constituting the pre-existing chorda primordium on the lines of 
demarcation between them, , takes place there. 

XVI. POSITIONAL RELATION BETWEEN THE GASTRAL AND THE 

PERISTOMIAL MESODERMS 

The stages of origination of both gastrAl and peristomial mesodermal 
elements are thu& jnotably different, and the transverse, line through &e 
blastopore indicates apivoxHnatdy the original boundary between them. .• 

XVn. MORPHOLOGICAL CHANGES IN THE ANTERIOR WALL OF 
INVAGINATION CAVITY, ESPECIALLY THE IffiVELOPMENT 
OF HEAD PROCESS 

While the' invapnation cavity deep«^ there are found sevo^al notable 
inmrplmlovicBl dianges in its anterkn' wall. , ' 
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Will gives an illustration (1899, fig. 4) with a small head process, as 
a special case, owing to die concurrence of the formation of the invagina- 
tion cavity and the head process. This drawing by Will somewhat re- 
sembles figs. 5 and 6 drawn by Gerhahdt and fig. 17 by Kupffer ; and 
fig. 3 by Will which he notes as a normal case, nearly resembles text- 
figs. 9-12 drawn by Bailowitz, which show conditions of a conspicuous 
development of the head process. In general, the formation of the 
head process in Elaphe qmdrivirgata is more delayed than that in 
Tropidonotus natrix. Consequently, it is usual for the process of invagina- 
tion and the formation of the head process to concur. So, the present 
writer has never encountered such a successful formation of the head 
process, as mentioned above, and certifies that the results shown in fig. 4 
by Will, in figs. 5 and 6 by Gerhardt and in fig. 17 by Kupffer are 
observed, even in the case of the present material, as a normal condition. 

XVIII. RELATION OF THE PRIMARY ENDODEKM TO THE ANTERIOR 
WALL OF THE INVAGINATION CAVITY 

The primary endoderm creeps dorsally for a little while along the 
anterior face of the head process, and reaches a tolerable altitude. This 
condition resembles more or less that illustrated in fig. 4 by Will and 
fig. 17 by Kupffer, and shows an analogy with that of Emys by Kupffer 
and of Ckehnia by Mitsukurl 

XIX. INTUMESCENCE ON THE RIM OF THE DORSAL LIP 

Immediately before the stadium of breaking through, when the total 
length of the invagination cavity scarcely reaches as far as the posterior 
one-third of the embryonic shield, a remarkable thickening occurs owing to 
the increase in the number of cells constituting the reflected inner wall on 
tile rim of the dorsal lip in the present material. Will observes first in 
rropiehmottfS matrix such an appearance of the thickening after the com- 
^etion of breaking through, and the invagination cavity extends consider- 
ably, reaching aboqt as far as the posterior two-thirds of the embryonic 
shield, liie s^imeris shown in fig. 5 by Will and in VUI, in PL IX by 
the present wzitar belong to nearly the same stage, and, when compared 
with each other, a notable difference is seen. Kupffer, Ballowitz and 
Chf^BARlDT did not describe this distinct thickening in their materials. 
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XX. PAONSRS IN AEIATtOII TO THE POKWVIl^ 

OP THE INVAGUMnON C^TT 

According to Wux, the posterior larger pait of the invagination cavKy 
is originated by Ae gradual deepening due to a sitt^e invagination, which 
appears on the dorsal surface of the primitive plate, and its anterior part 
by the union of many irregular cavities which arise in the head process, 
and then this part communicates secondarily with the posterior one. In 
his fig. 5, the narrower portion, shown approximately in the middle of 
the entire cavity, is indicated as the point of union of both cavities men* 
tinned above, and, thus, he has specified two causes of the formation of 
the invagination cavity. 

In accordance with the result obtained by Ballowitz, the walls of the 
invagination cavity contain the cell-material of die primitive plate and 
show a marked tendency to the formation of the intercellular dehiscence, 
so that the deepening of the invagination cavity is not caused by a simple 
invagination of the ectodermal epithdfum, but origmates contimionsly from 
the dehiscences between cells. 

The preaent writer observed the process of fonnekion of the invagina* 
tkm cavity minutely in a complete aeries of different stages. Notwith- 
standing the previous sts^ements, he obtained a negative result, i. e. the 
deepening of the invagination cavity is caused prinevaUy by a simple 
invagination of the ectodermal epithdium, and, thmi, a lew sasall irsegular 
cavities, which have arisen in the anterior and lateral walls are united 
secondarily to the pre-existing invagination cavity, when it has grown to 
its full extent. 

in the iwesent material, the whole foagth of dm eompleted inv^na- 
tion cavity is, as a nde, very abort, and as to its fewssKtion it it uimiM» 
tionable dud the interedtolar cavities and Mdseeaen desorbed by Wm. 
and by BAUowm are added to dw formation of botvagmatien cavaty. 
reality, die narrowei: part and the imegtilar uneveeness of the vsalle sbasiM 
in their diawings are mt imoA in dto m at eri al under iiwsetlgati ew. 

ei' 

XXL LSMItWorinBOlMHn^ 

The length of the cosBpletod invagination oavity rapmited by Gg W ga me E, 
BAUunwrig and W«U. irJbngf fnd 0^ toech horn that hi tha present 
uwteriaL, The sindmen dwnw is fig. d by -was in* a stage just 
bdfore the bredcing through of die floor of the hivaihiation cavity, and 
the hmgth ol its invaginatfaMi cavity Vms shoot 1 m»., roadiing needy gs 
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far as three-fifths of the total length of the embryonic shield. 

The specimen shown in text-figs. 16 and 17 by Ballowitz was in a 
stage also immediately before the breaking through, and measured 0.36- 
0.45 mm. and in a subsequent stage 0.63-0.81 mm. 

In the case of Elaphe qmdrivirgata, the length of the invagination 
cavity is comparatively short, and, even when it attains its maximum length, 
measures about 0.7 mm., which is nearly constant in each individual and 
does not reach half the total length of the embryonic shield. 

In the same stage, the breadth of the invagination cavity is widest at 
its anterior part, measuring 0.37 mm. and at its posterior part immediately 
inside the blastoporic opening, 0.26 mm. 

XXII. BREAKING THROUGH OF THE INVAGINATION CAVITY TO THE 
SUBGERMINAL FLUID CAVITV', OR MORPHOLOGICAL CHANGES 
OF THE DEPRESSED FLOOR OF THE INVAGINATION CAVITY 

In reference to the process of the disappearance of the cell-sheet between 
the invagination aiid subgerminal cavities, during reptilian gastrulation, 
various opinions have hitherto been put forward by several investigators. 

Will and Gerhardt observe that the area of breaking through is 
represented at first by a wall consisting of two layers, which came originally 
from different sources, and becomes enlarged by a gradual combination of 
small network perforations, caused by the numerous irregular interstices, 
which arise from intercellular dehiscences. 

The opinion that is supported by Wenckebach represents that the 
area of breaking through is extended as a result of the lateral retirement 
of the wall in this portion. 

The opinion of Ballowitz includes the two foregoing factors, and in 
substance is as follows : — 

The floor of invagination cavity, consisting of loosely associated cells, 
becomes thitmer, owing to its retreat, directed mainly forwards and slightly 
backwards. In the cell-material of this thin-walled area, numerous inter- 
cellular vacuoles arise, and some of them communicate with the invagina- 
tion and subgerminal cavities. With the progress of the retreat of the 
floor, the perforation grows larger, and, finally, the breaking through of 
the whole area is complete. 

The result obtained by the present observation is nearly allied to that 
of Ballowitz. The anterior extremity of the completed invagination cavity 
fa directed somewhat dorsally, as mentioned before, and its anterior and 
Immediately lateral walls consist of loosely associated cells forming meshes 
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of oetwoik. Hm rogioii qf tike (k|)raned iooc, wfaidh is nUialml aearijr 
in die centre of die structure, » olserved as a dfMibie lerer, for a while, 
consisting of odis of taened»ui cndodenn and of prhnazy eadodem. The 
cdls of die main floor of the mvagmatioa ea^ are also aseodatad 
SBosawhat loosely, having smaU inogtdar eavides hetsneen then, whkh is 
not so renarkaUe as what is obswved ia die anterior wall. With the 
progress of the procero of breaking through, this retpon becomes so 
retracted, chiefly anterbriy and slightly lateraUy, duat the floor becomes 
gradnafly diirawr undl the invi«malion cavity lureaks through into the 
subgemiBat cavity. As described above, the process of hreaking through 
issues principally from the retraction, and the subsequent enlargement of 
the established passage is caused by the continuation of the retraction of 
the original floor and by dm addition of die small cavides, whidi have 
been already formed in the anterior and immediately lateral walls. 

XXIIL REMAINING ANTERIOR EXTREMITY OF THE INVAGINATION 
CAVITY AFTER THE BREAKING THROUGH 

In the preseTO material, the remaining anterior extremity (d the in- 
vaginaidon cavity after the breaking through, is no kmger extended ante- 
rioriy or remaiaing for m long Cine as a poekebiflce poudb, as aaoertained 
to be the case ia Tnpidonettu mtrix by previcNis hnesdgaCon, and u 
soon as the breadcing tbroofih is complete, it comjdteely disawems. Hxis 
fact shows a remarkable dissimilarity from the resrits obtained iuthento 
in the case of the Oidiidia, and it is of interest that the condition in the 
present material radua resembles that ia Zocerto as found by WENCXnAcm, 
etc. 


Summary 

1) The pKseat mvesdgadon was ondertahan in order to eluddtee die 
process of gariralatioa uad the fonnadon of the gernnnal laycn in El aph e 
qu erfririn u te dhadiiniiantn 

When on the interior poitioa of the pneuaidve plate dm fint in- 
dioation «f the iavagiBaden jqipeart, the primaiy oadaderm bm alseady 
fonBeA,wilha4 efliate te«<»)> tes o Mn dMea,andenoeilhthemMiro c mhr yen i c 
diield, and acflmres to the utade^foce of the anmflar none said of the pci- 

31 13m n s tebKih mes t uf the primeiT ondodemml Infer lo uumnd hf 
iko ytik Mdbw Mto dbs iMi uvitff iwi wi 
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ct die bUntodarni, the element of the primary endoderm continues to that 
of the germ wdS. Tliis condition is observable for a long time. 

4) The factors in relation to the establishment of the primitive plate 
are as follows: — 

i) Hie dia»>ntinuance of die columnar arrangement of the cells, which 
form die superficial epididium on the posterior part of the embryonic 
shield. 

ii) The considerable thickening caused by the active mitotic division of 
the ectodermal cells immigrated inside. 

In this case, no addition of primary endodermal cells to the plate- 
substance was found, and the plate itself originates exclusively from the 
ectoderm. 

5) In the case of the formation of the peristomial mesoderm, the 
following factors may be distinguished, namely : — 

i) The insinuation of cells directed posteriorly and postero-lalerally, 
which issue by division into the undifferentiated cell-mass of the primitive 
plate. 

ii) The pndiferadon of the superficial ectodermal cells towards the 
inside in the posterior half of the primitive plate. 

6) The primary endodermd. cdUs have no rdation to the formation of 
the peristomial mesoderni. 

7) The deepening of the invagination cavity is caused mainly by a 
simple invagination, and slicd^tiy by the partic4>ation of several intercellular 
cavities in its turned-in anterior wall. These cavities are so slight in size 
as well as few in number, that they hardly entm* into consideration in the 
ease of the present material. 

8) On the inner rim of the turaed-in wall of the dorsal lip, there is 
found a remarkable thickening of cells, which projects towards the con- 
cavity formed on the corresponding waM of the ventral lip in the fully 
deweio|iied stage of tiie invaginaition cavity. The thickening disappears 
gradtt^ untfi the time when tiie Kupiferiao canal is completed. It is, 
therefore, a temporary structure. 

9) Cefls lateral and anterior to the tip of the invagination cavity are 
most loosely assodated, forming a large number variously sized, inter- 
csBalsr eavitiw nad nqnresent remarkable meshes of netwoik. These 
cavities do not partk^te in the fmrmation of the invagination cavity. In 
ihii Mgloni tile primiiy ipd fbe secondary endoderms are completely 

tfii) The bsedcfog through of the hmt^t^on cavity into the sub- 
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germinal cavity is caused mainly by the retirement of tissue occurring in 
the region of the cell-sheet bordering both cavities. The addition of inter- 
cellular dehiscences participates slightly in the subsequent enlargement of 
the blastoporic passage. 

11) The length of the completed invagination cavity is fairly short, 
and, therefore, the position of the anterior opening of the Kupfferian 
canal is situated compacptivcly posterior to the cavity. 

12) With regard to the origin of the chorda primordium, the following 
factors are specified, namely : — 

i) The thickening of the dorsal wall of the turned-in secondary endo- 
derm. 

ii) The invasion of some elements from the primary endoderm at the 
anterior part of the turned-in wall. 

iii) The forward transition of cells on the turned-in rim of the dorsal 
lip. 

13) In the present material the chorda primordium is, comparatively, 
poorly formed. 

14) The gastral mesoderm arises chiefly from the prosperous inward 
proliferation of the superficial ectodermal cells at both sides of the blasto- 
poric rim. It is suggested that some cell-elements of the pre-existing 
chorda primordium may be added to that of the gastral mesoderm at their 
boundaries. 

15) The inner (anterior, ventral) opening of the Kupfferian canal be- 
comes narrower than the outer (posterior, dmrsal) one. It is suggested 
that the closure of this canal may occur, beginning at the inner part. 

16) On the region slightly inside the original posterior lip of the 
blastopore, an inlet is observed directed caudally in the primitive plate. 
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Explanation of Plate IX 

I. Photomicrograph of one of longitudinal sections of specimen in Stadium I, the same 
as that in Fig, 3, showing contents of subgerminal fluid cavity in transitional region between 
embryonic shield and annular zone. Smaller paruhlastic cells are scattered in the com- 
paratively upper part of subgerminal cavity in isolated and aggregated conditions. Larger 
yolk-laden parablastic cells, some of which arc proliferating from yolk surface facing sub- 
germinal cavity, are situated in a comparatively lower port. Moreover, a large yolk sphere 
is seen attached to yolk surface. Xl60. 

II. Photomicrograph of one of the longitudinal sections through embryonic shield of 
specimen in Stadium II, same as that shown in Fig. 6, .showing intimate relation between 
primary endoderm and aggregated parablastic cells. Ectoderm is not .shown, x 160. 

III. Photomicrograph of median longitudinal section of specimen in Stadium I, same 
as that in Fig. 4, showing whole blastoderm and spacious subgerminal fluid cavity below. 
Primary endoderm is seen beneath ectoderm and clearly di.stinguished from ectoderm in 
region of embryonic shield, owing to presence of intervenient cavity between them. x80. 

IV. Photomicrograph of median longitudinal section of specimen earlier in Stadium II, 
same as that in Fig. 5, showing well-developed thread-like aggregations of parablastic cells, 
attaching primary endoderm in region posterior to primitive plate. Intimate connection 
between ectoderm or cell-mass of primitive plate and primary endoderm is also clearly 
aeen. xl60. 

V. Photomicrograph of median longitudinal section of specimen in Stadium II, showing 
intimate relation between ectoderm of annular zone and underlying primary endoderm. 
Each cell constituting primary endoderm projects protoplasmic process upwards towards 
ectoderm. xl60. 
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VL Photomicrograph of transverse section through embryonic shield of specimetit latet 
ift Stadium IT, slightly later than that in Fig. 9 and same as that in IX in PI. X, showing 
whole blastoderm and relation between ectoderm and primary endoderm. x80. 

VIL Photomicrograph of longitudinal section of specimen in Stadium I, same as that in 
Fig. 3, showing transitional region between embryonic shield and annular zona. Multicellular 
ectoderm of embryonic shield passes by degrees to nnicellular ectoderm of annular zone. 
Primary endoderm, which is spaced from ectoderm in region of embryonic shield, comes 
near that in annular zone. X^160. 

VIII. Photomicrograph of longitudinal sections of specimen in Stadium IV, slightly earlier 
than that in Fig. 15, in order of 1-5 from median to lateral, showing prominent intumescence 
at tumed-in wall of anterior lip and floor of invagination cavity in course of breaking through 
in 1, laterally expanded anterior part of invagination cavity in 3, and primary endoderm, 
well-defined even in far lateral portibn, to which lateral extension of chorda primordium 
does not reach, in 5. x80. 


a anterior 

am anterior margin of embryonic shield 
opc aggregation of parablastic cells 
az annular zone of blastoderm 
ht breaking through of floor of invagina- 
tion cavity 

chp chorda primordium 
c ectoderm of annular zone 
gw germ wall 

fc intervening cavity between ectoderm 
and endoderm 

int intumescence at turned-in wall of 
anterior lip 

(pc isolated parablastic cell 
/ left 


Icp lateral margin of chorda primordium 
Im lateral margin of embryonic shield 
Ipc larger yolk-laden parablastic cell 
mes meshes of network 
p posterior 
pe primary endoderm 
pm peristomial mesoderm 
prp primitive plate 
r right 

see ectoderm of embryonic shield 
ife subgenninal fluid cavity 
ape smaller parablastic cell 
fsy surface zone of yolk facing sub- 
germinal fluid cavity 
ya yolk sphere 


Explanation of Plate X 

IX. Photomicrograph of transverse sectioifli of specimen, later in Stadium II or slightly 
later than that shown in Fig. 8, in order of 1~13 from anterior to posterior, showing 
separation of anterior wall of invagination cavity from ectoderm in 2; combination of dorsal 
Wbll oi invagination cavity with ectoderm in 4 and 5; posterior protrusion of anterior lip 

^in 6; laterally extended blastoporic opening in 6 and 7; small knob of posterior lip in 8 
end 9; ventral bulge of primitive plate towards subgerminal fluid cavity in 10; and loosely 
associated cells in ccirmass of primitive plate in 12 and 13. x80. 

X. Photomicrograph of transverse sections of Specimen in Stadium III, of nearly same 
age as that shown in Fig. 10, in order of 1-^ from anterior to posterior, showing anteriorly 
elongated, dorso-ventrally flattened end of head process in 2; most anterior end of 
invagination cavity in 4; elliptical outline of invagination cavity in its middle part, aind 
equally thickened dorsal and ventral walls in 5; extremely dorso-ventrally flattened, but 
laterally extended invagination cavity at its posterior pSrt in 6; and prominently formed 
Aggregations of parablastic celb in region posterior to primitive plate in 9. x80. 

Xf . Photomicrograph of iongkadinal aactions of specimen in Stadium V, after cota^- 
tion of Kopfferian canal, in order of 1-^ from median to right, showing anteriorly much 
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elongated chorda primordiuin« and similar thickness of posterior part of chorda primordium 
with overlying ectoderm in 1; posteriorly directed inlet in region of posterior lip in 2; 
gastral mesoderm as continuation of lateral border of chorda primordium in 4; peristomial 
mesoderm separated distinctly from overlying ectoderm and from underlying primary endo> 
derm, which coheres intimately in anterior part of primitive plntc, with its cellmass, and 
gastral mesoderm proliferating actively from lateral part to Kiipfforian canal in 4 and 5; 
antero-laterally extended gastral mesoderm forming wing, and continuation between gastral 
mesoderm and anteroJaterai part of peristomial mesoderm at postoro-latcral boundary of 
wing in 7 and 8; and intimate relation between primary endwlerm and parublastic cells in 
9. x80. 


a anterior 
ap anterior lip 

ape aggregation of parablastic cells 
aw anterior wall of invagination cavity 
bl blastopore 

ocg cohesion between chorda primordium 
and gastral mesoderm 
chp chorda primordium 
e ectoderm of annular zone 
gm gastral mesoderm 
hp head process 

•c intervenient cavity between ectoderm 
and endoderm 
tpc isolated parablastic cell 
iv invagination cavity 


kc Kupiferian canal 
kpl knob of posterior lip 
I left 

okc outer opening of Kupfferian canal 
p posterior 

pal posterior protrusion of anterior lip 
pdd posteriorly directed inlet of invagina- 
tion cavity 

pc primary endoderm 
pm peristomial mesoderm 
prp primitive plate 
r right 

see ectoderm of embryonic shield 
tagm wing of gastral mesoderm 




DOMINANCE AND AXIAL DIFFERENTIALS IN INDOPHENOL 
BLUE REACTION DURING RECONSTITUTION IN 
THE STALKED MEDUSA, HALICLYSTUS 
AURICULA CLARK 

By 

Yisamu Watanabe 

Ammushi Marine Hiolog'cal Statian and Biological Institute, 

Tdhoku Imperial University, Senrlni 

(With twf^nty-sevcn figure's) 

(Rocoived August 12. 1937) 

In the analysis of physiological factors that underlie control in develop- 
ment and reconstitution, it has become increasingly evident that orderly 
development and reconstitution depend upon a series of relations between 
dominant and subordinate regions of organisms. Various attempts to 
analyse this relationship of dominance and subordination has shown that 
dominance in the simpler organisms depends primarily on degree, not 
kind of physiological activity in protoplasmic substrata, and in consequence 
of the decrement in effect with increasing distance from the dominant 
region a gradient ” of physiological activity and protoplasmic condition 
results with the dominant region as its highest point or region. That is, 
the dominant region establishes a gradient which determines metabolic 
activities and morphogenetic processes at different levels in definite and 
orderly relation. 

That physiological dominance is an essential factor in the organization 
of the individual organism is most conclusively shown in the inductive 
determination of individuals by experimentally localized dominant regions. 
In many of the lower organisms such dominant regions may be localized 
experimentally either by altering the physiological condition of a certain 
region or by grafting already determined dominant regions or parts cap- 
able of becoming dominant into new positions. 

In an earlier paper on Coryniorphc palma (Watanabe, 1935 b) it was 
shown that the polarity of an isolated piece of stem as indicated by 
reconstitution and by differential reduction of methylene blue is readily 

0 Contribution frorn^ the Marine Biological Station, Asamushi, Aomori-ken, Japan, No. 
141. An abstract of this paper was read at the twelfth annual meeting of Japanese Society 
of Zoologists at Fukuoka, October 23rd, 19%36. 
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altered or reversed, and is determined by the dominance of the original 
apicid hydranth or developing hydranths. In these experiments the close 
parallelism between unipolarity or bipolarity in reconstitution and the 
reduction gradients constitutes evidence in support of the view that die 
reduction gradients are indicators of certain physiological characteristics 
of the stem axis. The polarity at the end of the piece is indicated by 
a new gradient, which is evidently an expression of the activation of the 
tissues following section and which precedes the appearance of the 
hydranth, i. e., from the higher levels of this gradient, the region of 
chief dominance develops. 

It was thought desirable to investigate further the role of dominance 
in other coelenterates in maintaining or determining polarity, particularly 
since it seemed to show a relation to a differential in oxidative processes. 
The summer of 1935 and 1936 was spent at Asamushi Marine Biological 
Station in experiment along this line with a stalked medusa, Haliclystus 
auricula Clark, which was found by Child (1933) to have rather remark- 
able capability for reconstitution. The results of the experiments are 
presented below. The writer desires to express his appreciation of the 
kindness of Professor S. Hatai LL.D., director of the Station, in provid- 
ing space and facilities for the present work. Also to Dr. C. M. Chiu> 
acknowledgement is due for suggestions and criticisms. 

MATERIAL AND METHODS 

Material. Stalk pieces 7-8 mm. in length from the largest individuals 
23 to 25 mm. in length were employed as material for the present investi- 
gations, but the adhesive foot discs were discarded. The longer pieces 
are preferable for experiment, sinc9 during reconstitution, more or less 
decrease in size occurs in consequence of starvation and remodeling of 
old tissues. 

For the purpose of distinguishing original distal and proximal ends, 
an oblique cut about 45* in angle was made at one and a transverse 
cut at the other .end of the piece. With this procedure certain identifica- 
tion of the original polarity was possible. On the oblique surface of 
section the rate of reconstitution decreases in the proximal direction. 
Ihis characteristic of development on an oblique surface is most cleariy 
marked in the earlier stages of reconstitution, and becomes less marked 
as devdopment proceeds, but is still evident 10 days after section. As 
Child (1^) has found, in the calyx d IMiclyntua reconstitution at the 
proximal levds on an oblique cut surface is move or less inhibited, iqpr 
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^arently by the distal level. This relation in rate of reconstitution to the 
level of an oblique surface holds true also at the cut ends of stalk pieces 
(Figs, 11, 14, 15, 27), But the reconstitutional activity at a transverse 
cut of one end was found to be almost independent of, or at least little 
effected by, this inhibiting action from the distal level of an oblique sur- 
face at the other end of the piece. However, in order to avoid possible 
criticism on this point, in half the number of pieces in each experimental 
lot, the oblique cut was made at the distal end and the transverse cut 
at the proximal end, while in the other half, the oblique cut was proximal 
and the transverse cut distal (Figs. 7, 8, 18, 26). 

In all cases animals were used for experiment within 2 days, after 
collection but were left at least one day in the laboratory without food. 

Reconstitution. The method employed in the experiments on recon- 
stitution was essentially that which was adopted in the writer’s previous 
work on the Corymorpha stem (Watanabe, 1935 h). Thai is to say, 
control of polarity in the stalk by the original or a reconstituting calyx 
was examined by delaying either the distal or proximal section and by 
making a second distal or proximal section at different periods. The 
various operations are described in connection with particular experiments. 

Each five operated pieces were kept together in filtered sea water in 
a bowl holding 250 cc., covered with a glass-plate to prevent evaporation. 
According to Child’s findings (1933), death frequency in Haliclystus 
regenerates is generally lower when the water is not changed during a 
week or so, than with more frequent change. Consequently, half the 
volume of water in each bowl was changed every five days after opera- 
tion. The pieces were moved about two or three times daily by means 
of water current from a pipett, and the bowls containing the pieces were 
submerged in running water in order to keep temperature as nearly as 
possible constant (18** to 20”C.). 

Bipolar forms were separated as their character became evident, and 
15 dAys after section, most forms were determined, but in a few cases 
regenerates were observed up to three weeks. 

Indophenol blue reaction. As has been well known, this reaction 
consists in the production of indophenol blue by nr-naphthol and dimethyl- 
paraphenyienediamine In alkaline media. These reagents penetrate living 
cdls and the intracellular reaction is catalyzed by so-called ‘‘ nadi ” oxidase. 
[Hfferences in time appearance and in amount of the colored particles 
rf indophenol blue as estimated by color indicate the existence of physio- 
toi^cAl dflS^xentlids of seme sort in the cell or tissue concerned. 
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In applying this method to stalk pieces of Haliclystus^ as to other 
forms, it is first necessary to determine, by trial, concentrations of reagents 
which give sufficient indophenol blue color in relatively short time to show 
differences in rate and intensity of reaction in different parts of the ecto- 
dermal layer of the stalk, but which are not appreciably injurious during 
the period of experimentation. In sufficiently low concentrations all parts 
of the ectoderm may show the reaction and certain parts may become 
deep blue while the pieces are still actively contracting, but in higher 
concentrations disintegration may occur before the reaction. 

For the Haliclystus stalk, reagents were made as follows : 0.1 cc. of 

saturated dimethylparaphenylenedianiine in sea water and 0.1 cc. of saturat- 
ed «-naphthol in sea water were mixed with 0.8 cc. of sea water in a 
large tissue-culture slide. The mixture was raised to pH 9.0 by addition 
of small quantity of sodium bicarbonate and a piece of stalk was immersed 
in the solution. With this procedure a characteristic indophenol blue color 
appears in the pieces, at first nowhere very deep, but with characteristic 
differentials in depth along the axis. As time proceeds, the color becomes 
deep and the differentials more clearly evident. In the earlier stages of 
reaction color differentials are much more clearly distinguishable, if the 
pieces are observed on a white background. 

Since this reaction was employed primarily to show changes in condi- 
tion of the stalk pieces in earlier stages of reconstitution, the reagents 
were applied 5 to 6 hours after final section, in order to avoid the 
temporary changes in condition following section. Immediately to 4 hours 
after section the indophenol blue always appears first and shows deepest 
color at the cut ends, and axial differentials of reaction shown by the 
pieces are irregular. Considered in . the light of results of experiments 
described below (pp. 169-171), this coloration is regarded as indicating tem- 
porary disturbance of oxidase action or temporary change in physiological 
conditions caused by the stimulation of section and should be regarded 
as quite a different phenomenon from the oxidase activation intimately 
related to the reconstitutional activity at the cut ends. 

Figures and Graphs. Figures representing reconstitution and indophenol 
blue reaction are semi-diagrammatic but from observed cases. Differentials 
in the indophenol blue reaction are indicated by depth of shading. The 
more deeply shaded parts indicate parts which are deep blue; the parts 
least shaded, parts in which diffuse blue is present in much lower con- 
centration; and unshaded parts, regions in which color does not appear 
.appreciably in the same period of exposure. These figures indicate only 
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the characteristic differences in reaction in different cases, but do not show 
the successive stages in the same pieces. 

Most results of the experiments both on reconstitution and on indo- 
phenoi blue reaction are graphed in percentages of unipolar forms as 
ordinates against periods of delay of distal or proximal section in hours 
as abscissae (Figs. 17, 21, 23, 25). IVactically all cases not unipolar are 
bipolar, the frequency of other forms being so low that it is negligible. 
Death frequency in reconstitution was generally not over 5 per cent in 
each lot, with exception of one lot only in which 2 pieces out of 20 died. 
And frequency of apolar coloration in which no clear polarity in indo- 
phenol blue reaction could be ob.served, but blue color appeared uniformly 
along the whole length of pieces, was also not over 5 per cent in any 
lot. Totals were: in reconstitutiona! experiments 8 deaths in 400 pieces 
examined, i. e., 2.0 per cent ; in the indophenol blue reaction 7 apolar in 
441 pieces, i. e., only 1.7 per cent; all other pieces were either unipolar 
or bipolar forms. Therefore, the graphed data on unipolar forms may 
serve as indices of quantitative variations in dominance of original and 
developing calyces in relation to reconstitution and indophenc)! blue reac- 
tion. 


DOMINANCE OK ORIGINAL CALYX AND POLARITY OF STALK PIECE 

Experimvnts on pieces with original calyx jyresent. As regards the 
differential indophenol blue reaction in intact animals, the writer’s obser- 
vation agrees well with the results obtained by Chii.d (1933). The color 
of indophenol blue appears most rapidly in the anchors and tentacle tips, 
and next in the distal end of manubrium, then in the foot disc of un- 
attached animals. The reaction progresses from distal to proximal on the 
tentacles, marginal lobes and manubrium, so that concerning the animal 
as a whole, a definite system of gradients in rate and intensity of reac- 
tion is observed. In the stalk region excepting the foot disc no definite 
differential was found, but reaction proceeds in general rather slowly and 
uniformly (Fig. 1). 

As regards the reaction in operated pieces, first of all, the effect of 
stimulation from sectioning must be considered. The metabolic activities 
in tfie tissue concerned are abruptly increased and temporary disturbed 
by sectioning, as was already pointed out by the present writer (Wata- 
NABE, 1931, 1935 b ; Watanabe and Child, 1933 ; Child and Watanabe, 
1935). In the reaction immediately after section, coloration occurs most 
rapidly and most intensely at the cut surface, no matter whether the 
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original calyx is present or not (Fig. 2). This rapid coloration at the 
cut end immediately after section may indicate local activation of oxidase 
by stimulation from sectioning. But, as time goes on and stimulation 
decreases, depth and rate of coloration at the cut end also decrease, and 
about 5 hours afto: section, may be no greater than elsewhere in the 
stalk. Figure 3 shows the indophenol blue reaction 5 hours after proximal 
section in a stalk piece with original calyx present; coloration occurs 



2 

Figs. 1-3. Differentials in ind(g>beBol Uue reaction in atalk and proximal 
part of calyx. Fig. 1, coloration in intact animal; Fig. 2, immediatdy after 
proximal section; Tig. 8, 6 hours after proximal section. 

slowly and uniformly dong the whde length of the dalk. From these 
results it is evident that in order to obtain a comparatively constant and 
approximatdy normal reaction in pieces, reagents should not be apidied 
until at least 5 hours after seetioa. 

With this procedure no rapid eoloratioa was found at the prodnut 
cpt ends of 20 pieoM tested, heas which the foot discs alone weee rennwi' 
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ed, but the original basipetal polarity was indicated as in intact animals. 
In a reconstitution experiment on 20 stalk pieces with original calyces 
present, but not ^t discs, new calyces did not develop at all from proxi- 
mal cut end, the original polarity of the animals being also unchanged. 

The proximal cut surface healed (Fig. 3) and in some cases showed a 

slight development of foot-like structure 8 to 10 days after section (Fig. 

4). However, the functional foot did not develop in any case for at least 

three weeks after section. 




Fig< 4. Slight development of basal disc structure at proximal cut end of 
stalk, 9 days after section. Fig. 5. Uniform indophcnol blue reaction in 
stalk region, with limited proximal reaction, 5 days after section. 

In this connection, as an additional observation, the indophenol blue 
reaction was tried on the pieces 2 to 8 days after proximal section. The 
reaction at the proximal ends 2 to 4 days after section was .still as slow 
as in. the middle regions of the stalk (20 pieces examined), but 5 to 6 
days or more after section in 10 pieces out of 20 a little more intense 
coloration agiipeared at tiie proximal ends. This coloration was, however, 
to a small area around the proximal end, and appeared a little 
VKIto dowly tiian in the aborai umbrellar surface (80 to 100 minutes 
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after application of reagents), so that it is clearly distinguishable from 
the calyx gradient (Fig. 5), Considered in the light of the results with 
later stages, this region of somewhat intense reaction may perhaps be 
concerned later in development of a basal disc. Such a limited area of 
rapid reaction also appeared at the cut end in 5 days or more after sec- 
tion in a few pieces in other experiments on control by a developing 
calyx. 

Experiments on pieces without original calyx. As expected from the 
results of the preceding experiments, indophenol blue color appears most 
rapidly and most intensely at the cut ends immediately after section, so 
that these pieces isolated by making distal and proximal section at the 
same time show bipolar coloration soon after cutting. Even more than 
5 hours after section bipolar coloration was still observed in these pieces, 
but rate and intensity of coloration were more or less decreased, as com- 
pared with those observed soon after cutting. That is, blue color appear- 
ed at both ends of a fresh cut 10 to 20 minutes after application of the 
reagents, while it took 30 to 40 minutes to show appreciable coloration 



6 7 8 

Figt». 6-8. Bipolar gradient of indophenol blue reaction of atalk pieces 
with distal and proximal sections made at the same time, examined 5 hours 
after section. Fig. 6, piece with transverse sections at both ends; Fig. 7, 
piece with transverse distal and oblique proximal sections; Fig. 8, piece with 
oblique distal and transverse proximal sections. 
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there if the reagents were applied 5 to 6 hours after section (Figs. 6, 7, 
8). This aaggests that the activation of oxidase relating to the recon- 
stitutional activity may begin at the cut end before the stimulation from 
sectioning disappears. In all 20 pieces examined 5 to 6 hours after sec- 
tion, coloration begins at both ends, progressing toward the middle at 
the same rate, and the last part to show the color is almost the middle, 
that is, they show typical bipolar coloration without exception (100 per 
cent bipolar). 

These pieces both ends of which were cut at the same time almost 
invariably developed calyces at both ends. Out of 20 piece.s examined, 
19 pieces (95 per cent) reconstituted bipolar forms, and only 1 piece died 
during experiment Figs. 6 to 15 indicate the various stagers of recon- 
stitution in these pieces up to 15 days after section. Immediately after 
section the cut ends of the pieces contract strongly, and within 4 to 5 
hours after section the cut surface heals completely (Figs. 6, 7, 8). At 4 
to 5 days both ends of the pieces usually begin to show some enlargement 
to form the calyces (Figs. 9, 10), and at the 6th to 8th day marginal 
anchors and single tentacles appear (Fig. 11). In shorter pieces, develop- 
ment of marginal organs sometimes occurs without distinct enlargement 
at both ends (Fig. 12). At 10 to 15 days pieces are distinct bipolar 
forms with calyces developed at both ends (Figs. 13, 14 and 15). 

In pieces of Corymorpha stem, distal hydranth is always higher in 
rate and larger in scale of reconstitution than the proximal hydranth from 
the same piece. These characteristic differences between the two ends 
have been used in distinguishing the original polarity in the pieces of 
Corymorpha (Watanabe, 1935 b). In stalk pieces of Haliclystm, however, 
no constant difference between distal and proximal reconstituted calyces 
could be detected either in rate or in scale of reorganization. For this 
reason, an oblique cut was necessary at either distal or proximal end to 
indicate the original polarity. 

For the indophenol blue reaction in pieces of later stages of reconstitu- 
tion, 20 pieces of various stages were observed. They showed also distinct 
bipolar coloration, but coloration in the calyx regions became more rapid 
and mope intense as their development proceeded. In these pieces, the 
last region to show color is also exactly the middle. Also young marginal 
organs and their buds showed most rapid and most intense coloration, as 
in the mature animals. 

The pendleliBm shown by the data obtained above seems to suggest 
that tbece must be a certain essential relation between metabolic and 
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Fig. 9-15. Reconstitution in stalk pieces, with distal and proximal sections made at 
the same time. Figs. 9, 10, 5 days; Figs. 11, 12, 7 days; Figs. 13-15, 12 days after section. 
Figs. 9, 14, oblique cut made at proximal end; Figs. 10, 11, 15, oblique cut at distal end; 
and Figs. 12, 13, transverse cut at both ends. Fig. 12, reconstitution in short piece (ca. 1/2 
stalk length), in which marginal organs develop without distinct enlargement of calyx. 

morphogenetic activities at the proximal end, since both activities are 
controlled so exactly in the same way by the dominance of original calyx. 
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Indophenol blue reaction and reconstitution with delayed removal of 
origifml calyx. In the preceding experiments the pieces have been ex- 
amined with respect to the effect of presence and absence of the original 
calyx, and it is clear that the original calyx exercises a dominance and 
through this dominance is able to prevent development of a new axis 
from the proximal end of the piece, both as regards indophenol blue 
reaction and in reconstitution. Since it may be expected that the inhibi- 
tory effect by the original calyx upon induction of a new polarity will 
increase with time after proximal section, the following experiments were 
performed to obtain experimental evidence and more definite and more 
nearly quantitative data concerning this apparent dominance. The proximal 
section was made (O in Fig. 16) and removal of the original cal3rx was 
delayed 0, 24, 48 and 72 hours (A', Fig. 16), 20 pieces being used for 
each period of delay. 



16 17 


Figs. 16, 17. Fig. 16, experimental procedure; proximal section at O hours, 
distal section at X (0, 24, 48, 72) hours. Fig. 17, graph of results; ordinates, 
percentages of unipolar frequency, abscissae, hours; unbroken line, indophenol 
blue reaction; broken line, reconstitution. 

The pieces with delayed removal of the original calyx, which were 
exposed to nadi reagents 5 hours after hnal section, show either unipolar 
or bipolar reaction, but never unipolar reaction without rapid coloration 
in the distal region, that is, in no case does a complete reversal of polarity 
in the reaction occur. The percentage frequencies (ordinates) of basipetal- 
unipolar reaction (Fig. 18) are graphed in unbroken line in Figure 17 for 
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the various periods of delay (absdssae). As the graphed data show, of 
20 pieces, with 0 hour delay of calyx removal, none shows unipolar reac- 
tion ; of the second 20 with 24 hour dday, 8 i^es (40 per cent) are 

unipolar; of the third 20 with 48 
hour delay, 14 pieces (70 per cent) 
are unipolar; and of the fourth 20 
with 72 hour delay, 17 pieces (85 
per cent) are unipolar in reaction. 

The results of reconstitution ex- 
periments on the pieces with delayed 
removal the original calyx are 
given in broken line in Figure 17. 
In reconstitution also, pieces develop- 
ed either basipetal-unipolar forms or 
bipolar forms, but never acropetal 
forms. The graphed data show that 
the percentage of unipolar forms 
(Fig. 19) also increases with increase 
in period of delay of calyx removal. 
With 0 hour delay the graph shows 
0 per cent (0 pieces) ; with 24 hour 
delay, 35 per cent (7 pieces) ; with 
48 hour delay, 85 per cent (17 
pieces) ; and with 72 hour delay, 95 
per cent (19 pieces). 

By reference to these graphs, it 
.will be seen that the frequency of 
unipolar cases increases almost uniformly from 0 to a very high per cent 
(85 or 95 per cent) with dalay of calyx-removal from 0 to 72 hours. In 
other words, the longer the original calyx remains the more frequently is 
formation of a calyx aa well as activs^ion of nadi oxidase in the proxi- 
mal region inhibited. 

DOMINANCE OF DEVELOPING CALYX 

As the preceding data show, almost all staUc pieces develop calyoea 
at both ends and show distioct bipolar colocation of indophenol blue when 
both sections are made at the same time, while no eases of biaxial calyces 
(»r ^ tdaxml nadi reaction appear, if fully devdoped calyces «e present, 
Consequently it may be expected that a calyx developing at one mid of 
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Figs. 18, 19. Basipetal unipolar pieces, 
obtained by 72 hours delay of distal 
section. Fig. 18, complete basipetal dif- 
ferential in indophenol blue reaction, 
6 hours after final section. Fig. 19, re- 
constitution of piece, 14 days after the 
6rst section. 
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Ae piece wfll become a dominant region and inhibit the devdopment of 
another dominance at the other end. In order to test these possibilities, 
Ae following experiments were undertaken. 

Indophenol blue reaction and reconsHtuHon unth delay of proximal 
section. In Ais series, the proximal section was delayed 0, 24, 45, 72 hours 
after the removal of the original calyx (Fig. 20), 20 pieces being used 
wiA each period of delay for the indophenol blue reaction and for recon- 
stitution, respectively. In Aese experiments the distal calyx is of course 
0, 24, 48 and 72 hours more advanced in reconstitutional development 
dian the proximal. 

The results are graphed in Figure 21, with percentages of unipolarity 
in indophenol blue reaction (unbroken line) and in reconstitution (broken 
line) as ordinates and delay of proximal section in hours as abscissae. 



20 21 


Figs. 20, 21. Indophenol blue reaction and reconstitution with delay of 
proximal section. Fig. 20, experimental procedure ; distal section at O hours, 
proximal section at X (0, 24, 48, 72) hours. Fig. 21, graph of results; ordi> 
nates percentages of unipolar frequency, abscissae, hours; unbroken line, 
indophenol blue reaction; broken line, reconstitution. 

Needleu to say, in Aese unipolar pieces Ae coloration appears always 
basipetaHy or Ae cidyx is always at Ae distal end. Percentage frequency 
unipolar indoph^iol blue coloration (cf. Fig. 18) increases from 0 to 
40 per cent wiA 24 hour, 80 per cent wiA 48 hour, and 95 per cent 
with 72 hour delay of proximal section. And percentage frequency of 
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unipolar reconstitution (cf. Fig. 19) also increases with increasing period 
of delay of proximal section : 0 per cent in the first lot, 30 per cent with 
24 hour, 90 per cent with 48 hour and 100 per cent with 72 hour delay. 

As these data show, frequencies of unipolarity in indophenol blue 
reaction and in reconstitution seem to be practically the same with the 
same period of delay of section, and they increase almost proportionally 
to the period of delay. And finally with sufficient delay of the proximal 
section the developing distal calyx does completely inhibit development 
of a proximal dominance as the original apical calyx does. In other words 
the effectiveness of the distal calyx as a dominant region increases as its 
development progresses. 

Experiments with delayed second proximal section. This series is sup- 
plementary to the preceding. As shown above, in the course of recon- 
stitution, action of a developing distal calyx upon the development of a 
proximal dominance with establishment of reversed polarity increases as 
its development progresses. If this is due to development of dominance 
in the new calyx at the distal end of the piece, it should be possible to 
increase unipolar frequency by a delayed second proximal section in pieces 
in which the first distal and proximal sections had been made at the same 



Figs. 22, 23. Indophenol blue reaction and reconstitution after a second 
proximal section at difiPerent periods of delay. Fig. 22, experimental pro* 
cedure; distal and first proximal sections, 0 hours, second proximal section 
at X (0, 24, 48, 72, hours. Fig. 23, graph of results; ordinates, percent- 
ages of unipolar frequency, abscissae, hours; unbroken line, indophenol blue 
reaction; broken line, reconstitution. 
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time. In order to examine this possibility the following additional ex- 
periments were performed. 

The original calyx was removed and the first proximal section was 
made at the same time (distal and proximal O, Fig. 22) and a second 
proximal section was made at ca. 2 mm. from the proximal end at 
0, 24, 48, and 96 hours after the first sections, lots of 20 pieces for each 
period being used for indophenol blue reaction and for reconstitution. 

Percentage frequencies of basipetal-unipolar pieces resulting, which are 
graphed in Figure 23, show continuous increase, in indophenol blue reac- 
tion (unbroken line) from 0 per cent in the first lot to 30 per cent with 
24 hour, 50 per cent with 4S hour, 80 per cent with 72 hour and 85 
per cent with 96 hour delay, and in reconstitution (l)roken line) also from 
0 per cent in the first lot to 30 per cent with 24 hour, 40 per cent with 
48 hour, 65 per cent with 72 hour and 90 per cent with 96 hour delay 
of second proximal section. Evidently, as in preceding experiments, the 
dominance of the distal calyx increases as reconstitution proceeds. 

Comparison of these data (Fig. 23) with those in the preceding ex- 
periments outlined in Figure 20 and graphed in Figure 21 shows that in 
the present series the increase in unipolar frequency is much less than 
that with corresponding periods of delay of section in the preceding, ex- 
cepting frequency of indophenol blue reaction with 24 hour delay. And 
both in indophenol blue reaction and in reconstitution, its increase even 
at 96 hours (85 per cent and 90 per cent) in the former is still less than 
that at 72 hours (95 per cent and 100 per cent) in the latter. I’hat is 
to say, in general, with delay of second proximal section, many more 
pieces develop proximal dominance and, in consequence, bipolar forms 
than with delay of single proximal section. As shown above (Figs. 6 8), 
in pieces with distal and proximal sections made at the same time?, the 
indophenol blue coloration is bipolar and its proximal gradient extends 
from the proximal end to the middle of the pieces. This suggests that, 
before a second proximal section is given, physiological activity has been 
increased to some extent at X (Fig. 22) by the development of dominance 
at the proximal end, O. Accordingly, it should be expected that the 
CfJyx primordium at the distal end, O, will be less effective in inhibiting 
calyx development as well as the development of an active pace-maker 
as indicated by the indophenol blue reaction at the proximal end than 
if such activation had not occurred. Figures show that this is the case. 

Expefitnents toith delay of second distal section. In the two preceding 
series, the dominance concerned i& the dominance developing at the distal 
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end of piefie, and the iocreaae m finqueacy of baaipetaJ uoipolatdty is deter- 
mined. In the present series the attempt is made to deterwuae the effect 
at the proximal end and the frettuency of acropetal un^larity. The 
di^ and proximal sections were made at ffie same tiese (O, O in Fig. 
24) and a seeand distal section was made at X, ca. 2 mm. from the distal 
ettd ^of the {ueoe at 0, 24, 48, 72 and 96 hours later with 20 pieces in 
each for indophenol blue reaction and for recomUtation. Hie po- 
centage frequencies of uaipolarity are given in Figure 25i. 

The pieces thus operated become either bipolar or acropetal-aoipdar 
(Fig. 26, 27), but never baaipetal-unipolar, that is, no cases of kidophenal 
blue coloration progressing proximally throughout from die distal end, nor 
of deveiopinent of a distal calyx without devetopment of a -proximal calyx 



24 25 

Figs. 24, 25. Indophenol blue reactkm and reconstitution liter delayed 
second distal section at different periods. Pig. 24, experimental procedure; 
first disUl and paroaumal seetioa at O Imies; second distal section «t X ((h 
24 48, 72, 96) hours. Fig. 26, graph el Msulla, ordinates, parcetdi^H ef 
frequency of acropetal unipolarity; abscissae, hours; unbroken line, indophenol 
blue reaction^ broken line, recoostituUon. 

occur. At the graidied data show, frequancy of acropetal unipolaritg 
increases almost uniformly from 0 to 80 per cent with mcrease in ddar 
cf second distal seetioD up to 96 hours, both in ind o p h enol fahm reactioa 
(smbroken line) and in reconstitution ffbrdten line). Censequenffy, it ie 
evident that the dominaaoe of the devekpng calyx at the ptoximal enl 
as shoMm by inhibition of dombtanre and developeaeht at the datal end, 
X, inoMBsea as reoonatitutka pro gre eae s . 
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Strictly i^eaking, in Figure 25 . the increase of unipolar frequency is, 
in general, slightly less than in Figure 23, for delay of socond proximal 
section, but the difference is so small 
that it is permissible to conclude that 
die effects of dday of second distal 
« section and of second proximal section 
bn unipolar frequency are nearly the 
same. Comparison of the graphs. 

Figures 23 and 25, shows clearly 
that the increase of dominance of 
distal and proximal calyx primordia 
occurs approximately at the same 
rate. 

The development of distal and 
proximal dominance at the same rate 
is undoubtedly correlate with the 
results obtained with pieces sectioned 
at both ends at the same time. As 
shown above (pp. 172-174 and Figs. 

6-15), rate and scale of reconstitution 
of calyx are almost the same at both 
ends in these pieces, and distal and 
proximal gradients of indophenol blue 
reaction are also equal in length, 
each extending over half the length 
of pieces from each end. In other words, there is little evidence of 
polarity in the stalk or of any effect of such polarity, if present, on rate 
of indophenol blue reaction or on scale of reconstitution at the two cut 
ends of stalk-pieces. 

DISCUSSION 

Evidence that the original bydranth and the developing hydranth 
primordiom of a gymnoblastic hydroid, Corymorpha palma, exercise a 
oertain degree of dominance or control of the physiological polarity of 
the stem pieces has been given by the writer in studies on reconstitution 
and methylene blue reduction (Watanabe, 1935 b). As a further contri- 
bu^n to the subject, tihe data, presented in this paper extend the analysis 
el dominanoe to a sessfle medusoid scyphozoan, Haliclystus auricula^ and 
ti^qy braig to light certain facts of importance concerning physiological 



26 27 

Figs. 26, 27. (’omplelely reversed 
pieces of stalk after delayed second distal 
section. Fig. 26, acropetal coloration of 
indophenol blue; Fig. 27, reversed form 
reconstituted with 96 hour delay of 
second distal section. 
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dominance of the calyx in this form. Attention may be called to the 
fact that the calyx of Haliclystus corresponds in position to the hydranth 
of Corymorpha and is undoubtedly homologous to it. The experiments 
show first that the presence of a fully developed calyx inhibits calyx 
development at the basal end of the stalk ; second, that a new calyx 
primordium developing after section is increasingly effective up to a certain 
stage of development in inhibiting calyx development at the opposite end 
of the stalk piece; and third, that these dominant regions, both original 
and newly established, determine the range and direction of control as 
indicated by the differential oxidative reaction of the nadi enzyme, the 
highest end of the gradient thus established being always the calyx region. 

In intact animals the stalk region except the adhesive foot disc does 
not show any distinct differential in rate of indophenol blue reaction. As 
compared with other regions of the body, reaction occurs there most 
slowly and quite uniformly. In the stem of the mature Corymorpha^ 
reduction of methylene blue (Child and Watanabe, 1935) and the nitro- 
prusside color reaction (Child and Hyman, 1926) become evident first at 
the distal part and progress proximally over the naked region almost to 
the perisarc. In younger forms, 15-20 mm. in length or longer, the 
indophenol blue reaction also shows a distinct main basipetal gradient 
with a short perisarcal gradient in the opposite direction (Child, 1926). 
These data indicate that the Haliclystus stalk differs from the Corymorpha 
stem in possessing little or no axial differential, consequently an analysis 
and comparison of reconstitution at both ends of pieces of these two 
forms are of interest. 

As already noted, the piece with distal and proximal sections made 
at the same time invariably develops a calyx at both ends, and distal 
and proximal calyces are almost equal in scale of reorganization as well 
as in rate of development. According to Child (1933), no difference in 
rate of reconstitution was observed in the Haliclystus stalk after transverse 
section at the distal end and the middle. These characteristics of calyx* 
development in. Haliclystus are quite different from hydranth reconstitution 
in Corymorpha and also in Tubularia. In pieces of these forms which 
are not extremely short and which are equally exposed at both cut ends, 
the distal hydranth develops in general somewhat earlier than the proxi- 
mal hydranth, and its scale of oirganizatipn is usually larger than that of 
the proximal (for example, Child, 1907, 1926; CmiD and Hyman, 1926; 
Driesch, 1899 ; Hyman, 1920 ; Morgan, 1906, 1908 ; Morgan and Ste- 
vens, 1904 ; Watanabe, 1935 b). In other words, in Ae Halidystvs stalk, 
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the physiological conditions chiefly concerned in calyx formation appear 
to be approximately the same at both ends, while in the hydroid stem 
the original, physiological gradient determines a difference. That is to 
say, although the two cut ends are nearly cquipotential in the hydroid 
stem in respect to the capacity for hydranth development, the influence 
of the original gradient is still evident in the difference in rale and scale 
of hydranth reorganization. In a recent work on another stalked medusa, 
Thaumatoscyphus distinctus, Hanaoka (1935) has found an axial dif- 
ferential in the stalk region in the potency for reconstitution of tentacles 
and in the histological character of tentacles reconstiluted. According to 
these data the stalk of Thaumatoscyphus is somewhat different from the 
present material in axial constitution, and is more like th(' hydroid stem. 
However, as other lines of evidence for Thaumatoscyphus have not been 
given, discussion of this apparant difference between thr^se two species 
remains for the future, though the difference seems to be of interest. At 
any rate, “ rcconstitutional development is of particular interest for tlu^ 
study of physiological gradient ”, as the writer has suggested, “ since it 
enables us to learn something about the part which the original gradient 
plays in determining the new pattern and the changes which it undergoes 
as the new pattern is determined” (Watanahe, 1935a). 

The influ<'nce of the original gradient of intact animals as shown in 
reconstitutional development can also be clearly seen in oxidative and 
reductive processes in isolated pieces, if examination is undertaken after 
the cut end has closed and stimulation by sectioning has disappeared. 
In the bipolar gradient of methylene blue reduction in pieces of Corymorpha 
stem with distal and proximal sections made at the same time, thf? distal 
gradient usually appears a little earlier and is a little longer than the 
proximal gradient; consequently, the last part of the pieces to reduce is 
somewhat proximal to the middle (Child and Waianabe, 1935; Wata- 
NABE, 1935 b). As regards the length of gradients, the bipolar gradient 
of indophenol blue reaction in stalk pieces of Haliclystus with distal and 
proximal section at the same time differs from that of Corymorpha. In 
these pieces of Haliclystus stalk, the indophenol blue reaction, like calyx 
development, occurs at the same time at both ends and progresses at the 
same rate, both distally and proximally, so that the last part to show 
the color of indophenol blue is almost invariably the middle of the pieces 
(Fig, 6, 7, 8). This ’bipolar reaction with distal and proximal gradients 
of equal length persists during calyx reconstitution except as it is region- 
ally changed by differentiation of marginal anchors, tentacles and manu- 
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brium. The difference in relative length of distal and prmimal gradients 
resulting from section in these two forms is evidently due to presence of 
a gradient in the intact Corymorpha stem and absence in the fhliclyaitu 
stalk. 

However, as the results of tentative experiments show, even in these 
pieces this bipolar gradient does not always appear immediately after 
section and the reaction shows considerable variations. In some cases no 
axial differential appears; in others, a basipetal gradient; in still others, 
a bipolar gradient; and in a few, an acropetal gradient. But, as time 
proceeds and effect of stimulation by sectioning decreases, the definite 
bipolar coloration appears. Consequently, these variations should be 
regarded as temporary disturbance caused by section and isolation. This 
temporary disturbance following section is also i^own by pieces with ori- 
ginal calyx present : immediately after proximal section the intense colora- 
tion at the cut end and, occasionally, a proximal acropetal gradient appear, 
while 5 to 6 hours after section they are no longer present, but the reac- 
tion occurs quite uniformly over the whole length of the stalk r^^ion 
(Figs. 2, 3). 

As regards these wide variations following section, Hyman (1923) has 
shown that the rate of respiration in Planaria is temporarily increased 
by section, and according to her observations on Nereia (Hyman, 1932), 
deferences in rate of oxygen uptake based on the data obtained during 
the first 3 hours after separation into pieces are different from those based 
on the data during die second 3 hours, the latter showing a distinct double 
gradient. The writer’s own observatkins on CO* ou^t in earthworms, 
AUolobophom foetida (Watanabe, 1931) and Phtretitm hilgendorfi (Wata- 
NABE, unpublished data), and in a .polydad, Stylochus ijitnoi (Watamabb 
and Child, 1933) also show that very wide variations in rate of pieoes 
from difforent Tcgions of body occur follownig section, and that a definite 
form of axial gradient does not appear at once, but, as the effect oi 
section decreases, a dirtinct U-riiaped gra^ent becomes evident two to 
three hours or •more after section. In recent work on Corymorpha psdma, 
the variations in methylene bkie reduction following section also indicate 
die temporary distmbance of {diysiological condition resulting from section- 
ing. Varkm factors may be concerned in these variations. In the first 
place, a temporary excitation undoubtedly occurs, particularly at and new 
die cot ends, and appaarmidy undergoes rather rapid decrease, sometimeai 
different rate in the two ends of pieces, perhaps, because of diffeceacea 
in edi iiqury. It may be suggested that, if it were possible to 
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about dye reduction or indophenol blue reaction in a few seconds after 
section, we might discover definite and characteristic conditions immediately 
after section, although they might be different in some way from the later 
stages. At present, however, it is impossible to obtain any evidence on 
this point because available methods are inadequate for the purpose. 

Returning to the data of the present paper, the pieces with the ori- 
ginal calyx do not develop a proximal calyx. Unquestionably this indicates 
the dominance of the fully developed calyx in maintaining the original 
polarity of animal. In these pieces indophenol blue reaction 5 to 6 hours 
or more after proximal section does not show an axial gradient from the 
proximal end. But 5 to 6 days after section, an increased reaction begins 
to appear at the proximal cut end of the stalk, in spite of the presence 
to the original calyx. The proximal reaction, however, is limited to the 
extreme proximal end and appears a little later than the reaction in any 
part of the calyx region (Fig. 5). As suggested by Child and Watanabe 
( 1935) and Watanabe (1935 b) with respect to a proximal region of more 
rapid reduction in unipolar Corymorpha pieces, this limited coloration at 
the proximal end may represent the beginning of development of a basal 
structure* If this is the case in the Haliclysius stalk, this increased activity 
at the proximal end precedes 3 to 4 days the development of visible 
structure, since a slight development of a foot-disc occurs 8 to 10 days 
after section (Fig. 4). In these pieces the indophenol blue reaction does 
not show equal bipolar gradients at any time, but only a unipolar-basipetal 
gradient in earlier stages and a second short basal gradient in later stages 
of reconstitution. 

If the original calyces are removed at different times after proximal 
section, the frequency of bipolar gradients and bipolar forms is greatly 
increased (Fig. 17). It is suggested that the dominance of the original 
calyx prevents or partially prevents the activation of cells and the develop- 
ment of a new gradient proximally, which appear to be th(^ most essential 
factors in the reconsitution of a calyx at the proximal end of the stalk, 
and that dominance of the distal cut region after removal of the original 
calyx is not effective to an appreciable degree. When the original calyx 
is present, the cells at and near the proximal cut are subjected to cor- 
relative conditions which tend to maintain their characteristics as stalk 
cells or to form them into a basal disc, and if these factors are sufficiently 
effective, the cells are prevented, even after distal section, from undergo- 
mg the physiological activation necessary for establishment of a new 
gradient diatally from the proximal end and attainment of the threshold 
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of calyx development. 

When the original calyx is removed and proximal section is delayed 
(Fig. 20), development of a proximal gradient and proximal calyx is also 
greatly inhibited, so that frequency of bipolar gradients and bipolar forms 
is decreased. With sufficient delay (72 hours or more) of proximal sec- 
tion the developing calyx primordium at the distal end becomes dominant 
and prevents development of calyx and calyx gradient from proximal end 
(almost 100 per cent basipetal-unipolar, Fig. 21). When distal and proxi- 
mal sections are made at the same time and the distal calyx primordium 
is removed by a delayed section at different times after the first (Fig. 

24) , the developing calyx at the proximal end becomes dominant. As 
the period of delay of the second distal section increases, frequency of 
bipolar gradient and calyx development at distal end decreases. With 
sufficient delay (96 hours or more) of the second distal section, the proxi- 
mal calyx primordium prevents the development of indophenol blue gra- 
dient and calyx from the second distal end in very high percentages (Fig. 

25) . Needless to say, in such cases the reconstituted animals are unipolar 
but the axial order is completely reversed in direction (Figs. 26, 27). 

The dominance of the calyx primordium, at either distal or proximal 
end, increases as development progresses; and when sufficiently effective, 
it prevents development of a new gradient and a new calyx at the opposite 
end of the piece. That is to say, in earlier stages of calyx development, 
the range of dominance may be very short, probably covering only the 
limited area close to the cut end immediately after section, but as calyx 
development progresses the range of dominance may increase. And finally 
when it extends over the whole length of the piece, the other end is not 
physiologically isolated, and establishment of a new gradient is inhibited. 
Consequently, it is possible by sufficient delay of the second distal section 
to reverse completely the axial order. 

As the data obtained from the experiments with delayed second distal 
section and with delayed second proximal section (Figs. 22, 24) show, the 
development of * dominance of distal and proximal primordia occurs almost 
at the same rate. This affords further evidence of equipotentiality of 
calyx formation at both ends of stalk region of Halklystus. Comparis 9 n 
of these data (Figs. 23, 25) with those from the experiments with single 
delayed proximal section (Fig. 21) shows, however, that the increase of 
unipolar frequency is much less rapid in the former cases than in the 
latter. As the indophenol blue reaction shows, the gradients in bipolar 
forms are established from both ends toward the middle of the piece 
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(Figs. 6-8). This evidence from the indophenol blue reaction indicates 
that a gradient at X (Figs. 22, 24) has been determined by the develop- 
ment of cajyx primordium at the end of the piece, O, close to it. If 
this is the case, it is to be expected that a calyx primordium at a distal 
(or proximal) end will be less effective in inhibiting establishment of reac- 
tion gradient and development of calyx from the level of the second 
proximal (or distal) section, X, than if a gradient and dominance had 
not already been established as a result of the fir:5t proximal (or distal) 
section at O. 

The results of the experiments of the present paper are in agreement 
with the writer’s previous work on Corymorpha pieces (Watanabe, 1935 b) 
in showing close parallelism between unipolar frequency of a reaction 
related to physiological oxidation and reconstitution. The new polarity 
of the stalk piece of Haliclystus is indicated by a gradient of indophenol 
blue reaction which is unquestionably based upon the activation of nadi 
enzyme in the cells following section, and from the higher level of the 
gradient, the chief dominant region develops. This gradient of indophenol 
blue reaction becomes visible 3 to 4 days before the form of the calyx 
is distinguishable. This general correspondence between gradient of 
physiological oxidation at an earlier stage and determination of morpho- 
logical polarity which becomes evident at a later stage of reconstitution 
is rather striking, and leaves little doubt that such physiological differen- 
tials are an essential factor in determining calyx development and new 
polarity. In conclusion, it may be emphasized that physiological dominance 
determines a gradient of certain extent which in turn determines mor- 
phologenetic processes as well as physiological activitic^s of subordinate 
regions in definite and orderly sequence. 

SUMMARY 

1. The paper presents data on experimental control of physiological 
polarity in stalk pieces of Haliclystus auricula as shown by differentials 
in indophenol blue reaction and in reconstitution of calyx. 

2. The stalk region of intact animals does not show any definite axial 
differential in indophenol blue reaction, except in the adhesive foot disc 
in which the reaction occurs a little more rapidly than in the remaining 
part of stalk. 

3. In pieces with distal and proximal section made at the same time, 
the indophenol blue reaction occurs at the same time at both ends, progress- 
ing toward the middle, and the last part to show the reaction is the 
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micMte of piece, i. e., the piece shows a typical bipolar gradient. In diese 
pieces, a calyx invariably develops at both ends almost at the same rate 
and with the same scale of reorganization. 

4. When the original calyx is present, the indophend blue reaction 
in earlier stages reconstitution appears quite uniformly over tlie whole 
length of the stalk, as in intact animals. And the presence of die ori- 
ginal calyx also invariably prevents the development of a new calyx at 
die proximal cut end of the stalk. 

5. In later stages of reconstitution with the original calyx present, 
somewhat more rapid reaction of indophenol blue appears in the extreme 
proximal stalk region. In the light of results with much later stages, it 
may be regarded as indicating an inhibited proximal gradient and as 
concerned with development of a basal disc. 

6. When removal of the original calyx is delayed up to 72 hours 
after the time of proximal section, the unipolar frequency continuoudy 
increases from 0 to 85 per cent as indicated by indophenol blue reaction 
and from 0 to 95 per cent in reconstitution. 

7. With delay of proximal section up to 72 hours after removal of 
the original calyx, the frequency of unipolarity increases from 0 to 95 
per cent as indicated by indophenol blue reaction, and, from 0 to 100 
per cent in reconstitution of calyx. 

8. If distal and proximal sections are made at die same time, and a 
second distal section, removing the distal calyx primordium, is made with 
different periods of delay, the proximal calyx becomes increasingly dominant, 
and, as the result of control by this proximal dominance, development of 
a distal calyx and a distal gradient are inhibited. Widi 96 hour delay 
of the second distal section frequency of .complete axial reversal increases 
to 80 per cent both in indophenol blue reaction and in reconstitution. 

9. The region where a calyx will develop is usually distinctly visible 
about 5 hours after section as a regbn of most rapid coloration by indo- 
phenol blue with a gradient of decrement in coloration, which extends 
over a part or the whole length of the stalk piece. The gradient or 
gradients of indophenol blue reaction can be seen 3 or 4 days before the 
enlargement indicating calyx development is distingnidiable. 

10. The general parallelism in direction md frequenQr between 
polarities indicated by indophenol blue reaction and by reconstitution is 
so strflcin^y evident that die relation between the ^ysitdogical gradient 
and the morphological polarity of reconstitution is beyond question. 
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STUDIES, ON THE GROWTH HORMONES OF PLANTS 

III. THE OCCURRENCE OF GROWTH SUBSTANCE IN ISOLATED ROOTS 
GROWN UNDER STERILIZED CONDITIONS. (PRELIMINARY REPORT) 

By 

Masavuki Nagao 

Biological Institute, Tdhoku Imperial University, Sendai 
(Received August 20, 1937) 

Although it is an established fact that the growth substance is present 
in root tips, the question whether it is produced in them or not still 
remains unsettled. Thimann (1934) supposed that the growth substance 
is not produced in the root tips but is merely transferred there. In op- 
position to Thimann’s conclusion, the writer (Nagao 1936) has shown 
that the root tips themselves actually produce the growth substance. On 
this point, Boysen Jensen (1936) and van Raalte (1936) have come to 
the same conclusion as the writer. 

On the other hand, Fiedler (1936) has reported that, in the case of 
Zea Mays and of Hsum sativum the isolated root tips, cultivated in a 
suitable culture medium under sterilized conditions, continue to grow and 
are normally geotropic but that no growth substance is detectable in these 
roots. From the result of his experiments, he again dissented from the 
view that the growth substance is produced in the root tips, and supported 
Thimann’s conclusion. 

In the present work, the writer has re-investigated the problem of the 
growth substance in isolated root tips cultivated under sterilized conditions. 

MATERIALS AND METHODS 

Helianthus annum was used as the material plant. The culture of 
the isolated root tips was made as follows : — After the pericarps had 
been removed, the seeds were soaked in tap water for 30 -40 min., then 
sterilized in about 396 H,0, for 15-20 min. and washed in sterilized tap 
water. These seeds were germinated in test tubes on sterilized sawdust. 
When the roots ware 2-5 cm in length, tips about 1 cm long were cut 
off, and introduced under sterilized conditions into test tubes containing 
a nutriait A single root-tip was placed in each test tube. 

The nutrient medium was prepared after White (1934) and was the 
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same as that of Fiedler (1936). It contained the following salts in 1000 


ccm of distilled water: 

Ca(N0s),4H,0 142 mg 

MgS0,-7H,0 74 mg 

KNOj 81 mg 

KCl 65 mg 

KH,P 04 12 mg 

Fe,(SO,), 3 mg 


To this 20 g of dextrose and 10 g of agar were added. Extract of 
yeast, however, was not added. 

The cultures were kept in a dark place, but were brought into the 
light at times to inspect the slate of the growth. The temperature during 
the cultivation was 19°C-22.5°C in experiment 1, and 20.5°C-23.5°C in 
experiment 2. 

The growth substance in the cultured root tips was extracted by 
Boysen Jensen’s dextrose-agar-method (1933), and its amount was deter- 
mined by the modified Avena technique of Went. [Cf. Nagao, 1936. 
However, in the present experiments, the volume of the agar blocks was 
2 emm (2x1x1 mm) instead of 4 emm, and the temperature, during the 
test of the growth substance, was 25*C instead of 23'’C.] The extraction 
was made in the dark. 


RESULTS 

On various days after the beginning of the culture, tips 1.5-2 mm 
long were cut off from the cultivated roots, and the growth substance in 
the tips was tested. The results are shown in Table 1. 

Table 1. 



Duration of 
culture 
(days) 

Average 
length of 
roots used 
(mm) 

No. of root 
tips per 
agar block 

Time on 
agar blocks 
(hrs.) 

Avena 

curvature^ 

o 


3 

32 

2 

4 

11.4±1.3 

Exp. 1 

6 

46 

2 

4 

17.4±1.8 


2 

26 

2 

4 

22.2±1.0 

Exp. 2 

■ 4 

42 

1 

4 

14.6±1.0 


6 

48 

1 

3 

16.8±1.0 


^Mean of 6 plants. 

In the control agar blocks no growth substance was detectable. 
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In the case of HelianthiLs annuus^ so far as the present experimental 
conditions were concerned, a considerable amount of growth substance 
was always found in the tips of the isolated roots during the 6 days of 
the culture. These results strongly suggest that the growth substance 
found in root tips is actually produced in the root tips themselves, and 
is not merely transferred from other parts of the plants. 

The above facts do not agree with the results obtained by Fiedler 
(1936) in fhe case of Zea Mays and of Pisum sativum. It is unsettled 
whether the disagreement is caused by the difference in materials or in 
method. Further experiments are now in progress. 

The writer wishes to express his hearty thanks to Prof. Dr. Y. Yama- 
GUTI for his kind instruction in the course of this investigation. 
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EXPERIMENTAL STUDIES ON THE FUNCTION OF THE 
ANTERIOR HYPOPHYSIS 

I. INDUCED SEXUAL ACTIVITY IN THE FROGS 
By 

Masaharu 6sima 

Biological Institute^ TShoku Imperial University t Sendai 
(With two Bgures) 

(Received August, 23, 1937) 

Ovulation in adult amphibians has been experimentally induced by 
hypophyseal implants or by administration of extracts of the hypophysis 
in a number of species by various workers. 

The present investigation was undertaken to determine the effect of 
daily implants of the anterior hypophysis and injection of the anterior 
hypophysis extracts in the Japanese frogs, Ram japonica Guenther and 
Ram nigrotmculata nigromaculata Hallowell, and the results of the 
experiment are shown in this report. 

The writer wishes to gratefully acknowledge indebtness to Profes.sor 
Hatai for helpful suggestions and criticism during the course of the work. 

MATERIAL AND METHOD 

The adult frogs used in the experiment were obtained from the suburbs 
of Sendai. In this vicinity, Ram japonica G. lays eggs usually at the 
beginning of March, and Rana nigromaculata H. at the beginning of May. 

In general frogs were kept for two or three days before use in an 
aquarium. The frogs were neither fed before nor during the experiment 
throughout. 

In middng the implantation the head of the donor was cut from the 
body with scissors, the brain exposed and the anterior hypophysis was 
removed from the floor of the cranium and inserted into the lateral lymph 
sac of the recipient. 

The hypophysis-extract is prepared by grinding the anterior hypophysis 
with a glass rod in the bottom of a test-tube. One hypophysis is used 
in Icc. of 1096 alcohol, and the extract was injected directly into the 
oodomic cavity of the frog, but in all of the following experiments the 
implantation rather than the injection method was used. After implanta- 
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tion and injection, the animals (5-7 pairs of frogs at a time) were placed 
in a wire-netting case, 45 cm. long, 25 cm. wide and 23 cm. deep, bottom- 
ed with iron plate through which a slow stream of water was run. 

RESULTS AND DISCUSSION 

1) Induced amplexus in the adult frogs. 

Male frogs, Rana nigromaculata nigromaculata, became activated follow- 
ing daily implants of the anterior hypophysis and injection of hypophysis- 
extracts for from 1 to 6 succe.ssive days, i. e. amplexus could be experi- 
mentally induced during a non-breeding season by the above-mentioned 
treatment. From this experimental work it has been found that the 
number of implants and dose of extracts necessary to bring about amplexus 
vary in individuals. The results are shown in tables 1-4. 


Table 1. 

Induced amplexus in the frog, using the hypophysis 
from female frogs only. 


Experiment 

No, 

Date, 

1936 

Water 
temp. X 

Number of 
hypophysis 
implanted 

Results: 

Occurs hrs. after 
implantation 

23 

Oct. 16 

' 1 

17 1 

2 

Amplexus 1st day (3 hrs) 

24 

Oct. 16 

17 

2 

Amplexus Ist day (3 hrs) 

25 

Oct. 18 

15.5 

2+2 

Amplexus 3rd day 

26 

Oct. 19 

16 

2+2+2 

Amplexus 4th day < 

27 

Oct. 23 

14 

2 

Amplexus 1st day (5 hrs) 

28 

Oct. 23 

14 

2 

Amplexus 2nd day 

29 

Oct. 24 

14 

2+2 

Amplexus 3rd day 

30 

Oct. 24 

14 

2+2 

Amplexus 3rd day 

31 

Oct. 23 

14 

( Muscle) 

Negative result 

32 

Oct. 23 

14 

(Muscle) 

Negative result 

33 

Oct. 23 

14 

(Muscle) 

Negative result 


In tables implantation method is used and materials are, both recipient, 
and donor, Rana nigromaculata nigromaculata* 

In this table and also in others, one or more hypophysis or 1 cc. of hypophysis- 
extract was administrated when amplexus did not occur 12 hours after. treatment. 
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Table 2. 

Induced ampkxus in the frog, using the hypophysis 
from male frogs only. 


Experiment 

No. 

Date, 1 

1936 ; 

Water 
temp. “C 

NumtWir of 
hypophysis 
implanted 

Results 

18 

Oct. 14 

17 

2+2 

Amplexas 3rd day 

19 

Oct. 15 

17 

2+2+2 

Amplexu-s 4lh day 

20 

Oct. 15 

17 

2+2+2 

Amplexus 4th day 

21 

Oct. 16 

17 

2+242 

Amplexus 5th day 

22 

Oct. 16 

17 

2+2+2 

Negative result 

34 

Oct. 27 

14 

2 

Amplexus 2nd day 

38 

Oct. 26 

14 

2-4 2 + 2 
(testes ) 

Negative result 

39 

Oct. 26 

14 

2+2+2 

(testes) 

Negative result 

40 

Oct. 26 

14 

24 2+2 
(testes) 

Negativi* result 

46 

Nov. 5 

12.5 

2 

Amplexus 2nd day 

61 

Nov. 14 

10 

3+2 

Amplcxu.s 3rd day 

52 

Nov. 16 

10 

3+2 

Amplexus 5th day 

62 

Dec. 10 

1 

10.5 

3+2 

Amplexus 3rd day 


Table 3. 

Induced amplexus in the frog, using the hypophysis 
from male and female frogs. 


Experi- 

ment 

No. 

Date, 

1936 

Water 
temp. ®C 

Number of hypophysis 
implanted 

Results 

35 

Oct. 30 

14 

8(2J+2t+2t +24-) 

Amjilexus 5th day 

36 

Oct. 31 

14 

8(2t+2t+2t+24-) 

Amplexus 6th day 

37 

Nov. 3 

14 

12(2t‘+2t+2t+24-+24-+24) 

Amplexus 9th day 

47 

Nov. 6 

11.5 

4(2t+U+14-) 

Amplexus 3rd day 

48 

Nov. 6 

11.5 

4(2J+lt + 14-) 

Amplexus 3rd day 

49 

Nov. 7 

12.5 

6(2t+U +14-424-) 

Amplexus 4th day 
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Tabub 4. 

Induct amplexus in the frog, using the hypophysis-extrads 
and tesHs-extrtuts. 


jgi 

Date, 

1986 

Water 

temp. 

Number of injection 
required in cc. 

Results 

HQH 

Nov. 8 

12.5 

l+l+l-f 1 (hypophysis) 

Amplexus 5th day 


Nov. 9 

11 

l + l-f l+l + l (hypophysis) 

Amplexus 6lh day 

43 

Nov. 4 

13.5 

1 + 1+14-1-fl (hypophysis) 

Negative result 

44 

Nov. 4 

13.5 

l-fl+l-hl-hl (hypophysis) 

Negative result 

45 

Nov. 4 

13.5 

14-l + l-H+l (hypophysis) 

Negative result 

49 

Nov. 8 

12.5 

2+2 (testes) 

Amplexus 1st day 

50 

Nov. 8 

12.5 

2+2 (testes) 

Amplexus Ist day 

53 

Nov. 20 

10 

1 + 1 + 1 (testes) 

Amplexus 7th day 

54 

Nov 20 

10 

1+1 + 1 (testes) 

Negative result 

55 

Nov. 20 

10 

1 + 1+1 (testes) 

Negative result 

56 

Nov. 20 

10 

1 + 1+1 (testes) 

Negative result 

57 

Nov. 20 

10 

1 + 1+1 (testes) 

Negative result 


In this table, injection method is used and materials are, both recipient and 
donor, Rana nigramaculata nigromaculata. 


2) Induced ovulation, oviposition and amplexus in the adult frogs. 

In December, Rana japonica gave a positive response to the treatment 
by spawning several dozen eggs fertilized and by ovulating many eggs in 
uteri (Fig. 1). And also, treated female frogs ovulated in uteri and laid 
eggs without amplexus (Fig. 2). 

At the middle of February, in Rana nigromaeulata nigromaculata ovu- 
lation and oviposition could be induced, And also ovulation and oviposition 
are successfully attempted when the females are abne sexually stimulated. 
The results are shown in table 5. 

3) Artificial fertilization. 

After the implantation and injection the female frogs [R. japonica and 
R. nigromaculata) are kept at room temperature and after 2 or 3 days 
when the eggs were ovulated in uteri, they are stripped directly into a 
dish containing a thin layer of sperm suspension at room temperature 
and then fertilization occurs easily. Thirty minutes after insemination the 
dish may be filled with tap-water. 

The sperm suspension is prepared by macerating two testes of untreat- 
ed frogs- {R. japonica and R. niffwnaculata) in 10 cc. of tap-water and is 
allowed to stand for at least ten minutes before uting. 
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The fertilized eggs hatch e 1 out aft(»r six days at IH 17 (-' (water- 
temperature) and dev(‘IopeH to normal tadpoles. 

The pnvscmt experiimmt was clone during thc' period extending from 
September 1936 to 1^'ehruary 1937 and in all (ten) eas(‘s, amplexus was 
unsuccessfully attempted during September to early October. Ovulation 
and oviposition in Rana japomca were successful for the first time in 
December and in Rana nigromactilata ingromaculatn in February, namely 
in l)oth species of Rana ovulation and oviposition occurrf'd about thret‘ 
months earlier than that of normal in the brewed ing season. 

From the above-mentioned, it is suggested that ewen by hypopliys(‘al 
implants and by injection of hypophysis-extra(*ts amplexus, ovulation and 
oviposition can not be induced so far as the frog's gonads are not matured 
to a certain degree. 



Kik. 1. Experimentally ovulated left) ami eontrolled riKlit > froj^s ffJono ;Vi/>miccn G.\ 
Natural si/e. n. normal ovary; o. ovary f almost empty,'; u. uterus filled with eg^?s. 
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The period of amplexus in the experiment was from one to thn*e 
weeks and does not depend upon the dose of hypophysis. 

During the experiment four (male) frogs gave a negative response to 
the hypophysis treatments. These testes were extremely small compared 
with those of others. 

The fact that amplexus could be induced by injection of testes-ex tracts 
of the frogs suggests an interesting question of hypophyseal-gonadal int('r- 
relation. 



KiK. 2. Exporimontally ovuluiod froR (Hana japonica G.), Natural size. 
(1. an eRR in the ovidwt; e. egRs taken from the uterus, showing deposi- 
tion of jelly; u. ulenis filled with eggs. 



FUNCTION OP ANTERIOR HYPOPHYSIS. I. 


201 


Table 5. 

Induced amplexus, ovulation and oviposition in the frog, using the 
l^lpophyais from male and female frogs. 



Date 

'36->'37 

||g 

Recipi- 

ent 

Donor 

Number of 
hypophysis 
implanted 

Results 

63 

Dec. 12 

9.5 

R. Jap. 

R. nig. 

2-fL4-34- 

Amplexus 3rd day, 20 
eggs laid (unfcrt.) .Srd day 

64 

Dec. 12 

) 9.5 

R. jap. 

R. nig. 

2.?--f'24- 

Amplexus 3rd day & 
ovulation 3rd day 

65 

Dec. It 

) 10 

R. jap. 

R. nig. 

2++at+i-?-; 

Amplexus 4th day & 
ovulation 

66 

Dec. 2( 

12 

R. jap. 

R. nig. 

24-+ (It + 14 : 

Amplexus 5th day & 
many eggs in uteri 

67 

Dec. 2S 


R. jap. 

R. nig. 

24-+(lt+H:; 

Amplexus 7th day & 

805 eggs in uteri 

68 

Dec. n 

12 

R. jap. 

R. jap. 

24 - 

Amplexus 2nd day & 796 
eggs laid (fert.) 10th day 

69 

Dec. IS 

10 

R. jap. 

R. jap. 

24-+(lt + 14 -) 

Amplexus 4th day & 1180 
eggs laid (fert.) 10th day 

70 

Jan. 5 


R. jap. 

R. jap. 

(2t+l4-) + 
at+14-) 

Amplexus 9th day & 
ovulation 

71 

Jan. 6 


R. jap. 

R. jap. 

(2t+14-) + 

(U+ 14 -) 

Amplexus 10th day & 
ovulation 

72 

Jan. 9 


R. jap. 

R. jap. 

at + 14 -^ 

Amplexus 13th day & 
ovulation 

76 

Jan. 11 


R. jap. 

R. nig. 

It-i-lt-M-f 

ca. 50 eggs laid without 
amplexus 

77 

Jan. 11 


R. jap. 

R. nig. 

lt'Vlt4l-f 

ca. 50 eggs laid without 
amplexus 

78 

Feb. 18 

6 

R. nig. 

R. nig. 

2t4-2t 

50 eggs o\Tjlated without 
amplexus 

79 

Feb. 13 

6 

R. nig. 

R. nig. 

2t + (lt-+*l-f) 

i 

3 eggs in oviduct & 50 
eggs in uteri (10th day) 

80 

Feb. 13 

6 

R. nig. 

R. nig. 

2t4-(lt4*l-?-) 

ca. 50 eggs in uteri & 
oviposition aOth day) 

81 

Feb. 13 

6 

R. nig. 

R. nig. 

2t 4* at 4- 140 

Ovulation & ovi{>osition 
(10th day) 

82 

Feb. 13 

6 

R. nig. 

R. nig. 

2t4-at4-14-) 

l4aid few eggs without 
amplexus 

8S 

Feb. 13 

6 

R. nig. 

R. nig. 

2t+at4-i40 

Laid few eggs without 
amplexus 

84 

Feb, 13 

6 

R. nig. 

R. nig. 

2t4-at4-14-) 

Iwaid few eggs without 
amplexus 


Feb. 13 

13 

R. nig. 

R. nig. 

14-+It 

Amplexus & 15 eggs 
laid, ca. 700 eggs in uteri 

86 

Feb. 21 

11.5 

R. nig. 

R. nig. 

a 1 4- 14)4- 
at4-i4-) 

Amplexus & ca. 500 eggs 
in uteri, ovaries almost 
empty 
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Experi- 

ment 

No. 

Date 

'36-^37 

Water 

temp. 

“C 

Recipi- 

ent 

Donor 

Number of 
hypophysis 
implanted 

Results 

73 

Jan. 10 


R. jap. 

R. nig. 

l-fl-t-l cc. 
(hypophysis) 

Amplexus 13th day & 
ovulation 

74 

Jan. 11 


R. jap. 

R. nig. 

1 + 1+1 cc. 

(■.) 

Amplexu.s 14th day & 
ovulation 

75 

Jan. 11 


R. jap. 

R, nig. 

1 + 1 + lcc. 

(..) 

Ovulation without 
amplexus 


In this table, implantation method was used except Nos. 73-75. 


CONCLUSIONS 

1) Amplexus, ovulation and oviposition were possible to be induced 
during a non-breeding season by implantation of the anterior hypophysis 
and by injection of the anterior-hypophysis-extracts. 

2) Amplexus is successfully attempted when the male is alone sexually 
stimulated. 

3) Ovulation and oviposition are successfully attempted when the 
female is alone sexually stimulated. 

4) Amplexus were possible to be also induced by injection of the 
testes-extracts of the frogs. 

5) Artificial fertilization in the frogs treated with the anterior hypo- 
physis takes place easily jo develop to a normal tadpole. 

6) There is no sex-specificity in the function of the anterior hypophysis. 

7) Period of amplexus is from one to three weeks. 
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ON THE COELOMIC CORPUSCLES IN THE BODY 
FLUID OF SOME INVERTEBRATES 

VII. ON THE FORMED ELEMENTS IN THE BODY FLUID OF SOME 
MARINE INVERTEBRATES WHICH POSSESS THE RED 
BLOOD CORPUSCLES’) 

By 

.,>Toshio Ohuye 

The Biological Laboratory^ Matsuyama High School, Ehime 
(With twf'nty-four fif»ures) 

(Received Auf^ust 23, 1937) 

In the present paper, observations of the formed elements in the blood 
and perivisceral fluid of 

1. three gephyrean worms; 

Urechis unicinctus (VoN Draschf.), 

Thalassema gogoshimense Ikeda, 

Physcosoma scolops (Selenka et De Man), 

2. a polychate worm ; 

Terehella sp. (Terebella debilis?), 

3. two mussels ; 

Area inflaia (Reeve) 

Glycimeris vestitus Dunkeu, 

4. two holothurians ; 

Caudina chilensis (J. Muixer), 

Molpadia rotetzii V. Marenzeixer, 

are reported together as a matter of convenience. For all of these animals 
possess the red colored corpuscles in their body fluid, and to compare the 
structures of the red cells of these different animals «eemed to be of 
interest. Of the specimens here used Thalassema and Glycimeris were 
collected from the Gogoshima Island, Ehime Prefecture; most of Urechis 
were gathered from Hiroshima bay, Hiroshima Prefecture. A part of 
Urechis and all the other animals were obtained from the vicinity of the 
Asamushi Marine Biological Station. 


. QContdbution from the Marine Biological Station, Asamushi) Aomori-Ken. No. 142. 
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OBSERVATIONS 

Part 1. Red Coloured Corpuscles, 

Urechis ufficifictus. 

The body fluid is readily drawo off from the perivisceral cavity by 
means of a small hypodermic needle. The fluid is usually scarlet in colour 
due to the presence of numerous red blood corpuscles which contain 
haemoglobin. Under microscopic examination of the body fluid the cyto- 
plasm of red corpuscles appears pale yellow with haemoglobin, and numer- 
ous, colorless and highly refractory granules which are uniform in size 
(about 1 in diameter) and spherical in shape are scattered uniformly or 



Fig. i . The red blood cells of Urechis unicinctus. ca. 1,000 X . 
a-g. Fresh and unstainod corpuscles, 
h, i. Corpuscles impregnated with silver, 
j, k. Corpuscles with pseudopodia-like protuberances. 

conglomerated tightly in the perinuclear region (Fig. 1). The red corpusdea 
are usually spherical and slightly biconvex didcs with smooth contour and 
round edges. Cells measured in the -state of suspension show a good 
deal of variation in size sudi as 10-^ /< in dwmeler and 3-6 /u m thick* 
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ness. Owing to the density of haemoglobin which is distributed through- 
out the cell, the nucleus is, at first, usually invisible or can hardly be 
distinguished as a small, clear and circular area in fresh and unstained 
preparations, but it becomes clearer if one keeps the cells under obser- 
vation for a while. The nucleus is small and round, and located ex- 
centrically. The nuclear contents are not discernible in unstained prepara- 
tions except the constant presence of a single or double nucleoli. The 
bi- or polynucleism of red cells which is occasionally seen in the blood of 
Sipunculoidea was not found. 

The red cells appear to be surrounded by a remarkably strong cell 
membrane, which does not burst in a hypotonic {OJo/o NaCl) or a hyper- 
tonic NaCl) solution. In the swollen corpuscles, the granules exhibit 
active Brownian movement, suggesting the fluid state of the cell interior. 
In the slightly hypertonic sea water, several processes which are similar 
to the tube feet of echinoderms are seen on the surface of cell (Fig. 1, 
j, k). With an increase of concentration of sea water, these processes 
become numerous, and cells grow to so-called thorn-apple shape, the same 
as the red blood corpuscles of mammals. 

The resistance of cell membrane to saponin, however, is rather weak. 
Saponin solution for the test is prepared with normal sea water. When 
immersed in a 0.0039^ solution of saponin, the cells swell gradually, and 
their contour becomes erosive. Within a few hours th(j membrane ruptures 
spontaneously, and the granules which were confined in the cell and 
remained with no remarkable change or growing into a few large granules 
by fusing with each other, flow out through the localized opening. 

By the repeated intraperitoneal injections of neutral red, usually a 
single, occasionally two or three granules which recall the segregation 
apparatus of the vertebrate-erythrocytes appear in the perinuclear region. 
These granules appear also by the supravital application of neutral red, 
brilliant cresyl blue, Nile-blue sulphate, methylen blue, etc. 

In a preparation, for example, the number of cells containing a single 
neutral red body was 104, that of two was 33, and that of three 12. 
The appearance of secondary induced granules needs long exposure to 
dye, and there is found no induction granules within three hours exposure. 

When the red cells are exposed supra vitally to Janus green B, numer- 
ous granular or fibrillar mitochondria which are distributed irregularly 
throughout the cell appear within one or two hours. Granular substance 
which fills up the cell is also demonstrable by using vital dyes. Sabin’s 
method was followed in the supravital application of various dyes, and 
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dilution of dyes was always 1 : 1,000. 

The refractive granules in the cytoplasm can also be stained supra- 
vitally with various dyes. The granules begin to be stained with Nile-blue 
sulphate within 30 minute-exposure. In the case of staining with brilliant 
cresyl blue, Janus green B and methylen blue, it needs about one hour. 
To stain the granules with neutral red, two hours or more exposure is 
necessary. The granules are stained deep red with neutral red, greenish 
blue or bluish purple with Nile-blue sulphate, Janus green B and methylen 
blue. The most striking staining patterns are produced with brilliant 
cresyl blue applied in concentrations high enough to stain the nucleus 
(Fig. 2). The granules appear light blue, purple or pink ; newly induced 
granules, rods or filaments are deep blue or purple; the vacuoles which 
also newly appeared in the course of supravital staining are pink; and 

the nucleus is light 
blue. In the center 
of vacuoles a deep 
blue particle which 
shows active Brown- 
ian movement is 
usually visible. With 
a close examination, 
it is clear that the 
granules are stained 
heterogeneously ; the 
surface layer of 
granules is blue and 
the rest pink. The 
different depths of 
microscopic forcus- 
sing may be the 
cause, therefore, of 
various shades of 
granules. The newly formed vacuoles owing to the action of brilliant 
cresyl blue are, I think, the granules which fuse with each other and 
grew into larger ones. The pink shade of vacuoles probably comes from 
that of central part of granules, and blue particle in the middle of vacuoles 
originates from the surface layer of granules. 

On the nature of these refractive granules, the haematologists have 
paled but little attention till the present time. In their extended study 



Fig. 2. Fresh coipuscles of tJrechis stained supravitally 
with brilliant cresyl blue, showing the basophilic bodies 
(black) stained deep blue, the clear globules stained pink, 
and the rods or filaments stained violet ca. 1,000 X. 
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of haemoglobin of Urechis caupo, Redfield and Florkin (1931) did not 
refer to the property of the granules. Baumbergeh and Michaeus (1931) 
described that these granules have “ a rather high refractory index, though 
not so high as that of fat drops In the present specimens that the 
granules are composed essentially of a fatty substance is evident from 
the following facts. The granules are soluble in alcohol, ether, chloroform, 
benzol, aceton, various alkali and so forth immediately. They resist 
relatively to acids and are not soluble in cold distilled water. They are 
stained intensely in the characteristic shades of fats with Nile-blue sulphate, 
brilliant cresyl blue, and especially Sudan III. The staining with the latter 
was made after the fixation of cells with formol. Osmic acid causes the 
blackening of the granules. 

Besides the fatty substance the granules contain some other components. 
The granules are positive to the indophenol blue synthesis. Using Sato’s 
method, peroxydase is also detected in the granules, but this redaction is 
less intensive than that of oxydase. By treating with antimony trichloride 
they assume a shade of indigo blue occasionally, showing the presence of 
vitamin A. The granules are also positive to silver impregnation (Fig, 1, 
h, i). Iron detection of granules was negative. 

In addition to these granules, there are many of a brown pigment in 
the red corpuscles of some specimens (Fig. 1, c-e). The occurrence of 
pigmented granules is more abundant in the animals whose blood appears 
from brownish red to dark brown rather than scarlet. It was made clear 
by Baumberger and Michaeus in the study of the blood pigments of 
Urechis caupo that this pigment is the haematin, and the most dark- 
coloured blood is met with in large, sex-matured animals. 

The fine cellular structures which are positive to silver impregnation 
is demonstrated in the erythrocytes of many vertebrates. The present 
author applied Fujita’s method or its modification (Tomita and others, 
1934) to the red corpuscles of Urechis, and found that many fine or 
coarse, impregnated granules appear in the cytoplasm. Most of these 
granules, however, were those mentioned above, and cytoplasmic inclusion 
similar to vertebrate-erythrocytes was not found at all. 

In dry-fixed smears stained by Giemsa’s method, the granules are 
basophilic, and appear as reddish purple bodies. The large vacuoles, 
when they are present, remain clear and uncoloured. The nucleus is 
small, spherical and chromatic, and usually eccentrically located. The 
nucleoli are stained pink in colour by Kunii’s method. 

It has long been recognized that haemoglobin rarely crystallizes within 
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tJie red blood cwpusdes of vectehrates. Dawbqm observed it in the 
erythrocytes of an amphibian, IkcLuna (1930), and a fi^, SimtnMhm 
fuacus (1932). He reviewed this subject in his paper (Dawson, 1932) 
and pointed out the deficiency of references. In the present investigation 



Fig. 3. Haemoglobin crystals within the red cells of Urechis, ca. 900 x . 

this phenomenon was accidentally observed. For the purpose of supravital 
staining with neutral red, Janus green B, etc., I made preparations of red 
cells after the method of Sabin. They were aUowed to stand overnight. 
On the next morning I found that the cells contain numerous, small or 
large columnar crystals, aggregating in the shape of rosette. Occasional 
cells contain three or more of such rosettes, and the outline of cells, 
accordingly, becomes irregular. The shade of supravitidly applied dyes 
is usually faded as a result of the intracellular reduction. In the fluid 
immersing the red cells tho'e are found also tetragonal Inpyramid crystals 
of haemoglobin. Dawson (1932) stated that little is known of the factors 
involved in maintaining the haemoglobin within the red blood cell in. solu- 
tion, and that die only cause of the intracellular crystallization haemo- 
globin in the erythrocyte is the slow withdrawal of water, in the present 
instance there is no additional fact to his description. 

Thalassema gogoshimenae. 

There is no fundamental difference of the red blood corpuscles brtween 
Urechis and Thalasama. The red blood corpuscles ot Thoiasaema are 
sensitive to the change of environmental factors. They assume always 
irregular shapes with protruding lobidar pseudopodia-like protuberances 
from the cell surface, though the nucroscopic examination was made im- 
mediately after a witiidrawal of body fluid (Fig. 4). When one used, 
however, a very rapid fixative sudi u I-lk, Bouin’s solution, dilute osmie 
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Fig. 4. The red celb of Thalastema. c*. 1,000 x. Fresh corpuscles stained with 
neutral red. Black bodies show the segregation apparatus. 

acid, etc,, they remain constantly spherical disks with smooth, circular 
outline. The size and shade of red blood cells are similar to those of 
Ureehis. The small, round oval or kidney-shaped nucleus is located ec- 
centrically and is usually obscured with diffusely scattered haemoglobin, 
in fresh and unstained preparations. I failed to detect the enucleated 
erythrocytes (erythroplastidS) which were found by Romieu (1923) in a 
worm, Magdtma papillkomia. The nucleolus is rather infrequently found 
in this specimen while it was a constant element of nucleus in the red 
UOod cells of Unchig. The neutral red bodies are three or four in number 
and located in die perinuclear region as a single or two clusters (Fig. 4, 

H). 

Preformed, oolouriess and high refractory granules aggregated into 
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several clusters, and properties of these granules to various dyes and 
reagents are similar to those of Urechis. Brown pigment is also found 
in the present specimens. 


Physcosoma scolops. 

Small as this worm is, it has relatively voluminous body cavity and 
contains a large amount of body fluid in it. The fluid is a pale rose in 
colour, due to the presence of numerous erythrocytes which contain 
haemerythrin and suspended in the colourless fluid. The corpuscles are 
pale yellow when viewed separately, and are spherical or oval disk, more 
or less biconvex (Fig. 5, h, i). They assume, however, shapes of spindle, 
cap, trigon, tetragon and so forth in vitro, owing to the change of ex- 
ternal conditions (Fig. 5, a-g). Size of red blood cells varies considerably 
even in the same individual ; namely 8-20 in diameter and 2-4 in 
thickness. The nucleus, usually obscured in fresh, unstained preparations 
due to the density of the haemerythrin, becomes visible when one keeps 
the corpuscles under the microscopic examination for a while. The nucleus 
is usually eccentrically located, and is round or oval in shape, but kidney- 
or cocoon-shaped ones are encountered occasionally. The size of nucleus 

exhibits also a good deal 
of variation ; the smaller 
type is about 2-4 in 
diameter and contains rela- 
tively small amount of 
chromatin while the larger 
type is 6-8/^ in diameter, 
and a large amount of 
chromatin is found in it 
(Fig. 6, a-i). The nucleolus 
is not obvious in either 
type of nuclei. ITie nucleus 
possesses an affinity to 
the neutral violet, and a 
considerable amount of 
chromatin granules appear- 
ed in it when this dye was 
applied supravitally. The 
binucleated red cells are 



Fig. 5. The red cells of Phyacosoma. ca. l,000x, 
a-h. Fresh and unstained cells. 

i. The profile of a fresh cell. 

3, k. Fresh cells stained supravitally with bril- 
liant cres^l blue showing the clear globules 
stained pink, the granules (black) in the 
globules stained deep blue. 
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found occasionally (Fig. 6, 
anucleated ones as well, 
were not encountered 
with. 

Numerous fine gran- 
ules, either colourless or 
light yellow, are seen 
frequently in the cells. 
They are active in Brown- 
ian movement. Large, 
colourless and more re- 
fractive globules are also 
recognized. Occasional 
cells contain colourless 
rhomboid cry.stals in cyto- 
plasm (Fig. 7, a-c), and 
they exhibit also an active 
Brownian movement. The 
number of crystals is 
usually from one to sever- 
al, but it reaches twenty 
or more upon rare oc- 
casions. The presence of 
such crystals in the red 
blood cells of Sipunculus 
nudus was described by 
Metalnikoff (1899 and 
1900) and Kollmann 
(1907), but there is no 
instance to be comparable 
with the present specimen 
in the abundancy of 
crystals, so far as I am 
aware. These crystals 
remain irregular shaped, 
clear, or as slightly eosin- 
ophilic vacuoles in the 
dry-fixed smears stained 
by Wright's or Giemsa’s 


j~m), but tri- or polynucleated cells, and 



Fig. 6. The blood cells of Physcosoma stained by 
Gikmsa’s method, ca. 1,000 x. 

a e. Haemocytoblasts. The cytoplasm stains baso* 
philically. 

f-i. Erythroblasts or young erythrocytes. 'Phe 
cytoplasm shows more or less polychromato- 
philism. 

k-m. Matured and biniicloated erythrocytes. 



Fig. 7. The red cells of Physcosoma. ca. 1,100 X. 
a-c. The red cells with crystals. Fresh and un- 
stained. 

d-f. The red cells impregnated with silver. 
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method. On the nature and function of the crystals nothing definite » 
known. 

By the supravital staining with neutral red, methylen blue, Nile-blue 
sulphate, brilliant cresyl blue and so forth, from one to several stained 
granules appear immediately in the perinuclear region (Fig. 8, a-d). These 
are, perhaps, the refractory coarse granules mentioned just above, for 
there remains no large granule which is highly refractive and unstained. 
The fine granules begin also to be stained with these dyes soon later 

(Fig. 8, e, f), and the large 
granules disappear gradually 
as the result of the disper- 
sion into cytoplasm. When 
the nuclear staining is be- 
gun, the cytoplasm is filled 
loosely with fine and stained 
granules which are arranged 
in numerous and short rods 
(Fig. 8, g, h), and it is not 
possible to distinguish the 

difference between the 

primary and secondary gran- 
ules, either on the basis of 
size, intensity of staining or 
position within the cell. With Janus green B, the mitochondria which 
are of rod-shape and scattered throughout the cytoplasm or clustered in 

the perinuclear zone are demonstrated. Using brilliant cresyl blue the 

striking staining patterns which are seen in the red blood cells of Urechis 
and Thalassema are also recognized in the present specimen. 

The coarse granules stainable with neutral red are blackened on 
prolonged exposure to osmic acid, lliey are basophilic, and show the posi- 
tive reaction to silver impregnation and indophenol blue synthesis. Except 
the last one, these reactions are seen also in the segregation apparatus 
of vertebrate erythrocytes. It seems possible, therefore, to suppose that 
there is a close relation between these coarse granules and the segrega- 
tion apparatus. There are occasional cells in which preexisting granules 
are not seen. In these ceils the neutral red bodies a{^)ear after an 
adequate treatment. Accordingly, it is also supposed that these bodies 
exist in the red cells of Fh^a^eioma, regardless of the visibility in fre^ 
and unstained preparations. Dawson (1932b), working with Phaa&doaofM 



Fig. 8. Fresh red corpuscles of Phyacosoma 
stained supravitally with neutral red. ca. 1,000 x. 

The black points show the neutral red bodies 
(a-d) or the induced granules (e-h). 
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gcmldi, stated that no induction or neoformation of bodies stainable with 
neutral red was obtained even after a long exposure to the dye. In the 
present case, however, the result is the reverse, and numtjrous, fine and 
stained granules, which far exceeded in number the preexisting fine 
granules, are seen in the cells under prolonged exposure. It was not 
possible to recognize the difference between preexisting and induced 
granules. 

The silver impregnation was made after the method of Tomita and 
others. The result was very satisfactory as is seen in Fig. 7, d- f. The 
cell body is stained brownish yellow, and the nucleus is stained also in 
the same tone, but more or less deeper than the cytoplasm. The nuclear 
membrane is distinctly discernible while the nuclear contents are almost 
homogeneous and any definite structure is not visible. In about one third 
of red cells conspicuous patterns are encountered. These patterns are a 
coarse^meshed network whose branches tend to radiate from the nucleus 
to the periphery of cells. With a close microscopic examination it is 
evident that the network is composed of numerous, fine argentophilic 
granules. Tomita and his co-workers (1934) made systematic studies on 
the minute structures of erythrocytes of different classes of Vertebraia 
with their silver impregnation method. These studies have led to the 
conclusion that there is a structure characteristic of every species, and 
that the lower the class to which an animal belongs th(» more complex is 
the silver impregnated structure of the red cell and vice versa. That the 
impregnation patterns of present case were very much similar to those of 
fishes and amphibia is rather a natural consequence. The immersion of 
red cells in a hypotonic salt solution (0.6?^ NaCl, for example) or a weak 
solution of saponin ( 0 . 001 9 ^) for an hour or two causes the disintegration 
of the reticular structure. 

In the dry-fixed smears stained with Giemsa's solution the preexisting 
granules are stained basophil ically. The cytoplasm of matured red blood 
cells is, naturally, eosinophilic, but that of younger ones shows more or 
less poiychromatophilism, and there is seen every gradation of cytoplasmic 
tint between eosinophilia and basophilia. 

The nucleus is stained reddish purple in colour. Polychromatophilic 
red corpuscles possess usually a large nucleus, and the chromatin takes 
an arrangement of cart-wheel shape similar to that of vertebrate-erythro- 
blasts (Fig. 6, aH). The nucleus of matured red corpuscles is small in 
size, round, oval or ktdney-like in shape, and chromatin granules are 
sc ii tered kregiilarly throughout the nucleus (Fig. 6, k*-m). By the Kunii’s 
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method the nucleolus is occasionally detectable. 


Terebella sp. (T. debilis?) 

The body cavity of this worm contains haemolymph with numerous 
suspending corpuscles. Through the thin wall of gill-filaments the formed 
elements composed essentially of the red cells and floating reversibly to 

and from are clearly visible. The 
fluid obtained by aspiration di- 
rectly from the body cavity is 
scarlet in colour and contains 
occasionally a large amount of 
genital products. The corpuscles 
are pale rose in colour when 
they are examined one by one, 
and are usually oval, occasionally 
circular in outline (Fig. 9). When 
viewed on edge they are seen to 
be relatively thick, slightly bi- 
convex discs. The size of corpus- 
cles shows a good deal of varia- 
tion, measuring 8~25 // in larger-, 
6-14/^ in shorter diameter, and 
2-5 in thickness. The haemo- 
globin is uniformly distributed throughout the cell in high concentrations 
sufficient to mask the nucleus completely. In the cytoplasm usually two 
to four, relatively large and high refractive globules, which are colourless 
or slightly yellowish, are clustered in the perinuclear zone (Fig. 9, a-e). 
These globules are readily and intensely stainable supravitally with neutral 
red, brilliant cresyl blue, Nile-blue sulphate etc. They are also positive 
to oxydase reaction and silver impregnation. Osmic acid blackens them 
slightly, but they ^e unstained with Sudan III and Scharlach R. Iron 
reaction is also negative. Besides these preexisting globules so called 
segregation apparatus is usually invisible. A long exposure of cells to 
the dye causes the appearance of secondary, perhaps, induced granules 
which fill up the cell body (Fig. 9, f-i). By the supravital staining with 
Janus green B the mitochondria are detected (Fig. 9, j). Silver impregna- 
tion was made, using the method of Tomita and others. In most of the 
oeBs the globules mentioned just above were the only structures which 



Fig. 9. The red cells of Terebella. ca. 1,000 X. 
a-e. Fresh and unstained corpuscles, 
f i. Fresh corpuscles stained with neutral 
red showing the induced granules, 
j. Fresh corpuscle stained with Janus 
green B showing the mitochondria. 
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showed the positive reaction to the impregnation. But the cells filled up 
with numerous and fine argentophilic granules were encountered occasion- 
ally. The reticular structure such as seen in Physcosoma was not found 
in any specimen. The nucleus is relatively large, measuring 4-6 in 
diameter and situated eccentrically. In the dry-fix('d smears stained by 
Giemsa’s method the globules show the basophilic reaction. The chroma- 
tin granules are rather coarse and are arranged more densely in the 
marginal portion of nucleus than in the center. The nucleolus was not 
discernible. Occasional cells are binucleated, but the erythroplastid was 
not encountered absolutely. 


Area inflata. 

The blood of Area inflata was the subject of Sato’s elaborate investi- 
gations (1931). The present study was undertaken in desire to make 
some supplementary observations on the morphology of red blood corpuscles 
with special reference to the nature of brown granules which are found 
abundantly in the corpuscles. 

Recently Dawson (1932b) reported on the supravital staining of the 
coloured corpuscles of Area transversa. As was described by him, 
Janus green B brings out al.so a variable number of small, perinu(!lear 
bodies which appear either as granules or short rods, in the present speci- 
mens. With brilliant cresyl blue the new appearance of numerous, fine 
granules was also observed. After a long exposure (10 hours or more) 
to dyes, from one to three granules which are remarkably large, regularly 
round, deep red in colour, and active in a quivering movement appeared 
with some frequency. Similar granules to these were seen also in a few 
cases of staining with Janus green B. Further investigation is necessary 
to determine whether these are so-called segregation apparatus or accidental 
products, for the appearance of the granules needs so long an exposure 
to dye, and the actual instances are not sufficient. 

The preexisting brown granules are also stainable supravitally with 
brilliant cresyl blue, Nile-blue sulphate, Janus green B, methylen blue, 
neutral red, methyl green, etc. Most quick and intensive staining is ob- 
tained with the first two dyes. Sato reported the negative result of 
staining with Janus green. In the present case, however, Janus green B 
was one of appropriate dyes, except the fact that this dye is readily 
reduced in the anaerobic conditions, especially when it was applied as a 
very weak solution. The brown granules are irregular in shape in fresh 
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and unstained preparations. They become, however, circular in oudine 
after long exposure to Nile>blue sulphate and others, as it was observed 
already by Dawson. The granules in this condition tend to agglutinate 
into a cluster in the perinuclear region. As Sato described, application 
of osmic acid causes a blackening of the surface of granules, but Sudan 
111 or Scharlach R. does not stain there. By the microscopic examina- 
tion it is evident tihat the surface zone of granules is stained with vital 
dyes more deeply than the center. And it seems to me that the round- 
ing up of granules may be due to the increase of this duromatophilic area. 

With Sato and Dawson the chemical nature of granules passed un- 
noticed. The granules are insoluble in alcohol, ether, chloroform or dis- 
tilled water, but soluble in acidulated alcohol, acetic acid, mineral acids 
and various solutions of alkali. The presence of iron in these granules 
is detected also by Berlin blue reaction. From these reactions it is sup- 
posed that these granules contain haematin or a pigment closely related 
to it. The presence of free haematin in the red corpuscles is reported 
by Baumberger and Michaeus in the blood of Ureckis caupo, as it was 
mentioned above. 

The brown granules exhibit a positive reaction of indophenol blue 
synthesis very intensely. It is evident, Uierefore, that these granules are a 



Fig. 10. Haemoglobin crjntala wMiin the red cells of Arm. e*. SOOx. 
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complex of various chemical components) and are not merely accumulated 
waste products. 

As it was seen in the case of Urechis, the intracellular crystallization 
occurred also in the red cells of Area by a chance of supravital staining 
with neutral red (Fig. 10). The crystals of oxyhaemoglobin of Area are 
pale rose in colour, rhombic prisms in shape, as was described and photo- 
graphed by Sato. Crystallization begins in the center of red cell as a 
short red. The elongation of crystal progresses to the direction of long 
axis, and the outline of cell, accordingly, turns to a spindle shape. At 
last the crystal penetrates the cell membrane and both ends of it come 
to the outside of the cell. It occurs also frequently that many crystals 
are formed simultaneously 
in a cell. These crystals 
aggregate usually in paral- 
lel or radial orientation. 

Spindle, trh or tetragonal 
arrangements of crystals 
are seen also frequently. 

The deformation of cellu- 
lar outline is influenced by 
the form of the crystal-ag- t- a.. i n ^ >1 l • 

” rig. 11 . The red cells of Area showing various 

gregation. In any case the stages of development. (Stained by Gikmsa’s method) 
cell membrane becomes ca. 1,100 x. 
invisible with the advance 
of growth of crystals, while ' 
the main parts of cells 3)[ 
and preexistent granules 
stained in deep red with 
neutral red remain undis* &20 
solved and adhering nearly I 
at the middle portion of £ ts 
crystal-bundles. 

In the dry-fixed smears 
stained by Gibmsa’s 5 

method, a small spherical Number of brown graiuilM In t red cell. 

nucleus, generally ec* 5 10 16 20 25 30 35 40 « 

centric, is VisiWe. A large Variation curvea of the number of brown 

nudeOS ^ encountered kl granules in a given red cell which were obUuned from 
tilQSe cells which have four individuals. 
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polychromatophilic cytoplasm and no or a few granules (Fig. 11, a-e). 
Chromatin of such nucleus assumes the arrangement of cart*wheel, though 
it may not be so typical. It is supposed that this type of cell may be 
young erythrocyte. 

As Sato stated already, the number of brown irregular granules of 
the red corpuscles shows a remarkable fluctuation — from three to several 
dozens or more. In the red corpuscles of a given individual, however, 
the fluctuation exhibits more or less a smaller deviation. Table 1 and 
Fig. 12 show some results of the biometry of the number of granules 
in a given cell which were obtained from four individuals respectively. 


Table 1. 

Biometric data af fluctuation of the broum granules in a red blood cell. 


Animals 

Numbers of 
red cells 

Maximum & 
minimum 

Mean 

Standard 

deviation 

Coefficient of 
variability 

No. 1 

357 

3-19 

10.4±0.22 

4.1 

39.4 

No. 2 

287 

3-21 

12.0±0.26 

4.3 

35.8 

N6. 3 

410 

7-31 

18.9±0.25 

5.1 

27.0 

No. 4 

406 

15-43 

25.0±0.34 

6.8 

27.2 


As is seen in Table 1, 
the means of granule- 
numbers of four individuals 
fluctuate from 10.4 to 25.0. 
Besides these four animals 
there are many individuals 
in whose red blood cells 
we may find so numerous 
granules that the exact 
counting of them is not pos- 
sible under the microscope. 
What is the cause of such 
extensive fluctuation ? To 
this question I have no 
answer at present. Here I 
recall, however, the brown 
granules of Urechis. As 1 
cited above, Baumberger 
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and Michaelis revealed that the older an animal grows, the more numer- 
ous the granules become. In the present specimens, the corpuscles which 
contain less granules were found in the relatively small individuals and 
vice versa. I regret, that I was not able to make a further statistic investi- 
gation of this point, for the collecting season was closed in the course of 
experiment. The reticulation pattern is demonstrable by the method of 
Tomita and others in the red cells which contain no brown granules 
(Fig. 13). 


Glycimeris vestitm. 

The red corpuscles of Glycimeris are similar to those of Area in 
appearance. They are relatively small and either circular or oval in out- 
line. When viewed on edge they are seen to be very thin, slightly bi- 
convex discs. The haemoglobin is uniformly distributed throughout the 
cytoplasm and the nucleus can rarely be distinguished in fresh cells. The 
numerous yellow-brown granules of irregular size and shape which show 
varying degrees of Brown- 
ian activity are only visible 
cellular inclusions in the un- 
stained preparations. These 
granules are positive to the 
supravital staining with Nile- 
blue sulphate, neutral red, 
brilliant cresyl blue etc., but 
negative to the staining with 
Sudan III and Scharlach R. 

The reticulation pattern of 
the cytoplasm is demonstra- 
ble with the method of silver 
impregnation (Fig. 14). 

Most remarkable feature 
of these red celb is the 
polynucleism (Fig. 15). The 
binucleated red cells are encountered fairly often in the blood of Physco- 
sotnay Lingula etc., but those red cells which possess three or more nuclei 
are found *very infrequently. In the present specfmens, however, the 
binucleism is very common; tri- or tetranucleited ones are met with fre- 
quently, and even penta- or hexanucleism are found upon rare occasions. 



Fig. 14. Silver impregnation of the red colls of 
Glycimeris. ca. 1,000 x. 
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Table 

Various properties of the red 


Animals 

Shape and 
size 

Nucleus 

Neutral 

red 

body 

Induced 

granules 

Mito* 

chondria 

UreehtM 

Sphericit and 
biconvax disk. 
10-86 p in 
diameter. 

Single, small 
and eccentric. 
Nucleolus is 
common. 

I ) L .. . 

1-.8 

The appearance 
of these granules 
needs long ex- 
posure to dye. 

Numerous 
fine granules 
or rods. 

Thalassema 

Same as the 
above. Defot' 
mation occurs 
very easily. 

Same as above. 

3-4 

Same as above. 

Same as 
above. 

Physcoaotna 

Spherical, oval, 
or polygonal. 
Deformation 
occurs easily. 8- 
20 p in diameter. 

Binucleism is 
occasionally 
seen. Nucleolus 
is not common. 

2-6 

Induction occurs 
very quickly. 

Same as 
above. 

T^rebella 

Oval biconvex 
disk. 8-25x6- 
Up 

Single and rela* 
tively small nu- 
cleus. 

1-2 

Induction is 
relatively quick. 

Same as 
above. 

Area 

Spherical or 
oval, slightly 
biconvex and 
very thin disk. 
18-21 p in 
diameter. 

Bimideism is 
occasionally 
seen. Nudeohis 
is not common. 

Presenoe 
of this 
body is 
uncertain. 

Same as the 
case of'i/eedUs. 

Same as 
above. 

GiycimariB 

Nearly equal as 
the above. 

Polynucleism 
(2-6 nuclei in a 
given cell) Is 
frequently seen. 

Same as 
above. 

Same as above. 

Same as 
above. 

Caudina and 
Molpadia 

Elongated oval 
or spindle. 6-10 
Xl0-36p 

Usually single 
nucleus. 
Nucleolus is 
common. 

1-2 in 
Caudina, 
8-4 in 
Molpadia. 

Relatively rapid 
induction ooeurs. 

Same as 
above. 
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2 . 

blood cells of eight animals. 


Argentophilic 
substance 
(except the 
preexistent 
granules) 

Oxydasc- 
grariules 
(except the 
preexistent 
granules) 

Blood 

pigments 

Intracellular 
crystallization 
of the 

blood pigment 

Cytoplasmic 
inclusions 
(See also 
Table 3) 

Numerous fine 
granules or 
short rods. 

Spherical 
granules not so 
numerous. 

Haeim^lobin 
and Haematin. 

Rhombic prisms, 
usually in radial 
arrangement. 

Granules and 
vacuole.s. 

Same as above. 

Same as above. 

Same as above. { 

1 

Crystatlizatiun did 
not occur. 

Same as aliove. 

Typical reticular 
structure. 

Same as above. 

i 

1 

Haemerythrin. 

Same as above. 

Granules, 
vacuoles and 
crystals. 

Same as the 
case of Vrechis, 

Same as above. 

Haemoglobin. 

Same as above. 

Granules. 

Typical reticular 
pa^rn. 

Same as above. 

Haemoglobin 
and Haematin(?) 

Rhombic prisms, 
usually in parallel 
or radial arrange- 
ment. 

Granules. 

Same as above. 

Same as above. 

Haemoglobin. 

Crystallization did 
not occur. 

Granules. 

Same as above. 

Same as above. 

Haemoglobin. 

Same as above. 

Granules. 


Comparison of various properties of the preexistent granules in the red blood corpuscles. 
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Fig« 16. Silver impraipietion of the red 
^|le ^ Qfmdfmi. c» i;?00x. 

•'rd. The nornul red celU. 
e, f. The red oelli immereed previously in 
H hii^jiPlpnic fcdUtipp. 


The nucleus multiplies with 
amitotic division, and there 
is seen the polymorphism 
of nucleus in the course of 
division. 

Caudina chilensis and 
Molpadia roretzii. 

On the properties of red 
blood cells of these animals 
I made some informations in 
my foregoing paper (1936). 
I describi!d in that paper on 
the result of silver impreg- 
nation of red cells following 
Fujita’s method, and it was 
promised that the result 
obtained by adopting the 
new method of Tomita and 
others will be reported on 
another occasion. By the 
silver impregnation using 
Fujita’s method, as I stated and 
figured in the foregoing paper, 
the argentophilic substance of 
the normal red cells appeared in 
the form of numerous and round 
granules which are arranged in 
straight or spiral threads resem- 
bling beads in appearance. In 
the red cells which have been 
previously immersed in a hypo- 
tonic sea-water the silver image 
of red cells appeared al^o as 
coarse and not numerous granules, 
but they were scattered irregu- 
larly in the cytoplasm and did 
not form the shape of beads. 
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In the present investigation in which new method of Tomita and others 
was employed a typical reticular substance appeared (Fig. 16, a~d), as 
was seen also in the red blood cells of Physcosoma and others. Preexistent 
brown granules are also more or less blackened in this experiment. The 
reticular structure becomes atypical or is disintegrated into irregularly 
scattered fine granules by immersing the red cells in a hypotonic salt 
solution (0.6^ NaCl) for about an hour or two (Fig. 16, e, f). The 
results stated above are summarized in Tables 2 and 3. 

Part II. Leucocytes. 

Urechis unicinctus and Thalassema gogoshimense. 

There is no essential difference between the leucocytes of Urechis and 
those of Thalassema, so I will lump here the leucocytes of these animals 
together under the same title. 

In the coelomic fluid of these animals, it is possible to find the four 
kinds of amoebocytes; 1) hyaline amoebocytes, 2) finely granular amoebo- 
cytes, 3) coarsely granular amoebocytes, and 4) compartmental amoebo- 
cytes. 

1) Hyaline amoebocytes. These cells are relatively infrequent in body 
fluid of Urechis while they are present in a remarkable number in that 
of Thalassema, They show a good deal of variation in size and measure 
8-16/^ in diameter when they take a round shape. The cytoplasm is 
usually perfectly homogeneous, but one or several yellowish green granules 
or colourless vacuoles are found in it occasionally. These cells are actively 
amoeboid, phagocytic, and show an intensive reaction* to the vital and 
supravital staining and oxydase reaction. They have usually a small, 
round or oval nucleus but occasional cells possess the nucleus which is 
oval or bean-like in shape, and occupies about a half or more of the 
total cell volume. Bi- or trinucleated cells are encountered occasionally. 
The nucleolus is usually found in both types of nuclei. The cytoplasm 
is intensively basophilic. 

2) Finely granular amoebocytes. These are met with infrequently in 
the body fluid, and measure 10-16/1 in diameter. The endoplasm is 
densely filled with acidophilic gi:anules which are nearly uniform in size 
and somewhat less than one ft in diameter. Sometimes the nucleus is 
entirely covered with granules and is hidden from sight. The cells are 
amoeboid, and positive to vital staining and oxydase reaction. 

3) G)arsely granular amoebocytes, 8-18 /i in diameter. The colourless 
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granules which vary in size (l™4/i) and number are found in the cytoplasm. 
Besides these, from one to several brownish yellow granules are met with 
occasionally (Fig. 17). The nucleus 
is round or oval, located centrical- 
ly, and possesses usually a single 
nucleolus. The colourless granules 
are basophilic and metachromatic. 

Some of them exhibit also the 
positive reaction to vitamine A 
test. Yellow granules are blacken- 
ed with osmic acid and stained 
intensely orange red in colour with 
Sudan 111 while the colourless 
granules are negative to these 
reactions. Moreover these yellow 
granules are soluble in alcohol, 
ether, chloroform, benzol and so forth. They are also rapidly distintegrated 
with alkali, but they resist to acids remarkably. By the application of 
dilute sulphuric acid, the shade of these granules turns to green. From 
these properties it is evident that the yellow granules are composed chiefly 
of a lipochrome. 

4) Compartmental amoebocytes. These cells arc quite similar to the 
compartmental amoeboid cells described for ascidian blood in my foregoing 
paper (1936a), and are seldom found in the blood of Urechis alone. Most 
of these cells do not contain the visible granules or n)ils in the vacuoles; 
but some do. The vacuolar contents take usually the vital dyes. 



Fig. 17. Coursoly granular umoelinrytes 
of Urechis. ca. l,i?00x. 


Physcosoma scolops. 

The most detailed classification of leucocytes of Sipunculoidea was 
made by Kiyono. He distinguished the leucocytes as follows: 1. Colour- 
less cells of a large or median size; i) large ovoid cells, ii) acidophilic 
granular cells, iii) basophilic granular cells ; 2. Colourless cells of a small 
size ; 3. Cells of a smallest size, i) cells of a relatively large size, ii) cells 
of a relatively small size. In the present* investigation the di.stinction 
between cells of type 2 and 3 was not evident, and granular structure 
of these cells was inconstant, so I recognized them as a kind of leucocytes 
and called them hyaline amoebocytes. Since the large ovoid cells contain 
numerous highly refractive and eosinophilic granules, as Kiyono described 
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already, it seems to be preferable to call them as large acidophilic granulo* 
cytes. So I classified the leucocytes of the present instance as follows : 
1) hyaline amoebocytes, 2) small acidophilic granulocytes, 3) large acido* 
philic granulocytes, and 4) basophilic granulocytes. Besides &ese soKialled 
“ urns ” were also found in the body fluid almost constantly. 

]) Hyaline amoebocytes, 6-14 in diameter (Fig. 18). The cytoplasm 
is usually hyaline but occasionally several azurophilic granules and fat 

globules are found. With 
Janus green B, the mito- 
chondrial structure is supra- 
vitally demonstrable in the 
perinuclear zone (Fig. 18, 
k-m). Concerning the struc- 
ture and vital properties, 
these cells are very much 
similar to the corresponding 
cells of Urechis and Thalaa- 
sema. 

In the dry-fixed smears 
stained by Giemsa's roedtod, 
the cells possess usually 
intensive basophilic cyto- 
plasm, but occasional cells 
show the polychromatic 
staining in various gradations, suggesting the accumulation of haemerythrin 
in their cell-bodies. A cart-wheel like arrangement of chromatin is also 
seen in these polychromatic amoebocytes. 

2) Acidophilic granulocytes, 10-16 /< in diameter. These are abundant 
cells next to red blood corpuscles. The endoplasm is filled with small, 
clear, spherical or rod-like gp-anules which are eosinophilic in staining 
reaction (Fig. 19, a-f). The ratio between sphericgil and rod-like granules 
in a given cell shows a good deal of variation. KnroNO (l.c.) stated on 
the acidophilic granulocytes of Sipuneulua that the spherical granules ara 
original and young, and these turn to short rods with the advance at 
the cell maturation. Occasional and perhaps young cells possess only a 
few spherical granules in the pnrinuelear zone. The granules are stainahle 
aupravitally with neutral red, brilliant oresyl Uue, Janus green B, Nile- 
blue sulphate etc., and are positive to Sudmi III and Stharladi R. Besides 
tisese the ydlow mr brown gronules wbkdt are somewhat larger m sise 



Fig. 18 . Hyaline amoebocytes of PAgacosomo. 
ca. 900x, 

a-j. Cells fixed and stained by Giemsa's method. 
k~m. Fresh cells stained supravitally with Janus 
green B. 



CX>ELOMIC CORPUSCLES OP INVERTEBRATES. VII. 


227 


but less in number than the colourless granules are found upon rare oc- 
casions. These granules are stainable with Sudan III. The nucleus is 
relatively large in size, round or oval in shape, and coarsely granular in 
internal structure. It is centrically situated and is obscured with the 
granules frequently. A few blunt pseudopodia may be present peripherally, 
and the cell is continually changing its shape as it moves through the 
field of the microscope. The vital granules of various dyes are round in 
shape, remarkably great in number and chiefly located in the perinuclear 
zone. The oxydase granules are similar to the vital granules in general, 
but more or less smaller and fewer than the latter. 

3) Large acidophilic granulocytes. These cells are one of the constant 
elements in the body fluid of Physcoaoma and are very similar to the 
lamprocytes of earth-worms in size and appearance (Fig. 19, n s). They 
are usually large ovoid disks, measuring 16-38 n in longer, 1 2-30 f/ in 
shorter diameter and 5-8 (t in thickness. Occasional cells form a twin 
by uniting with another cell. In this case the longer diameter becomes, 
of course, greater than the above. Cuenot (1891) described on the 
“ vesicules enigmatiques ” in the blood of Sipunculus and Phascolosoma. 
These corpuscles are similar to the present cells in appearance, but the 
former far exceed the latter in their size, measuring 44-360 (t in diameter. 
The endoplasm is compactly filled with highly refractive round granules 
which vary from 1.5 to 4^ in diameter but are nearly of the same size 
in a given cell. These granules are stained intensely with neutral red, 
Janus green B, Nile-blue sulphate, etc. ITiey are dissolved, however, 
gradually and become invisible by the staining with brilliant cresyl blue. 
With osmic acid they are blackened slightly, and are positive to the 
staining with Sudan 111 or Scharlach R. Very fine granules which are 
blackened intensely with osmic acid, positive to Sudan III staining and 
oxydase reaction appear in the cytoplasm among the large granules. By 
Giemsa’s staining method, these large granules are stained pink in colour, 
showing the eosinophilic reaction. The granules are dissolved frequently 
by an unsuitable procedure of fixation. In these cases the cytoplasm 
remains as an alveolar structure which is basophilic in staining reaction 
(Fig. 19, s). 

These oorpuscles are usually binucleated. This fact has not been de- 
scribed in other Sipunculoidea, so far as I am aware. One of the nuclei is 
situated constancy in the peripheral cytoplasm which is slightly extruded 
te aocapt it. Owing to the pressure of granular cytoplasm die nucleus 
is more or leas flattened, but no sign of degeneration is visible. Another 
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nucleus is centrically or 
peripherally situated, 
oval or round in shape 
and somewhat larger 
than the former. The 
chromatin granules of 
both nuclei are fine 
and numerous. 

The surface of cells 
is bound with a mem- 
brane which is clearly 
discernible under the 
microscope. The amoe- 
boid movement and 


phagocytosis were not 
detectable in any case. 
A few and small vital 
^ ^ granules of neutral red 

and others are found 
in the cytoplasm among 
the preexisting granules. 
4) Basophilic granu- 
• locytes. These are in- 

Fig. 19. Granulocytes of Physcosatna. ca. 1,000 x. frequent Cells of the 

a-g. Fresh and unstained acidophils. same size as the small 

h-m. Fresh and unstained basophils. acidophilic granulocytes. 

n s. Large acidophils in which q, fresh cell jeen on granules found in 

edge; s, fixed and stained cell by Giemsa’s j t . n 

method endoplasm are all 

of one kind in appear- 
ance and chromatic property. Namely they are usually spherical, baso^ 
philic, nearly uniform in size in a given cell and less numerous than the 
acidophilic granules ‘(Fig. 19, h-m). The nucleus is usually oval or bean- 
shaped, and rich in chromatin. The vital properties are nearly similar to 
those of small acidophilic granulocytes. 

5) Urns. One of characteristic elements of coelomic fluid of Sipun- 
culoidea is so-called ‘‘urn^’ or “ciliated corpuscle The urns were dis- 
covered by Krohr (quoted from Cuenot), and the detailed investigations 
were made by Cuenot (1. c.), Selensky (1908) and others. Urns of 
Physcosoma consist of several or a dozen of cells and measure 15-40 M 
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in diameter (Fig. 20). As Selensky described, cupola, disk and neck 
are also distinguishable in the present specimens. Under the microscopic 
observation the urns swim very actively to and fro in the body fluid. 
Suspending red corpuscles are stirred up and thrust aside by the ciliary 



Fig. 20. Urns of Physcosoma. ca. 800 x. 


movement. Degenerating blood corpuscles and various formed substances, 
which are previously introduced intraperitoneally such as oil droplets, 
India ink, pigment particles etc., are gathered at the mouth part of urns 
and agglutinated to an irregularly shaped conglomeration (Fig. 20, e, f). 

The cells of urns are filled with numerous globules which vary in size 
and are stained intensely with Sudan III, Nile-blue sulphate, neutral red 
and so forth. With Janus green B, fine and numerous granules which 
may be identified as the mitochondria are demonstrable. The oxydase 
reaction is intensely positive in all the cells of urns. 

Terebella sp. (T. debelis?) 

In contrast with the leucocytes of Physcosoma, those of the present 
animals show differentiation of a lower degree. Most leucocytes are 


eitu^fe 


8t>itidle^shaped amoebocytes, tfleasuriiig about 14-30 ^ in largeir, gtid 2rS ^ 
in shotter diameter (Fig, 21, a-d). Th^ are found in Ae ratio of about 

1 : 100 to erythrocjytes. They 
deform, however, thehr shape ih 
the blood which is standing still, 
and begin the amoeboid move- 
ment^ protruding a few blunt 
pseudopodia. The young type 
of these leucocytes possesses 
perfectly hyaline cytoplasm and 
a relatively large nucleus which 
is rich in chromatin. With the 
growth of the cells numerous very fine and basophilic granules become 
visible in the endoplasm. A single brown granule is found also upon rare 
occasions. 

Another kind of leucocytes is the granulocytes which are encountered 
upon rare occasions. They are nearly of the same size as the erythrocytes. 
In the living condition the cytoplasm is filled with small, clear spherical 
granules (Fig. 21, e-g). These granules are usually of the even size in 
a given cell, and amphophilic with more or less inclination of basophilia 
in staining reaction. The nucleus is spherical, coarsely granular, and 
usually obscured with granules. 



Fig. 21. Leucocytes of Terebella, ca. 1,000 X. 
a~d. Hyaline amoebocytes. 
e-g. Granular amoebocytes. 


Area infiata. 

In the blood of Area, Sato (1. c.) described a kind of leucocytes, 
measuring in average diameter. They are amoeboid, and possess 
a small, round nucleus and fine refractive granules. Besides these leuco- 
cytes, the granulocytes were found occasionally in the present specimens. 

1) Leucocytes or hyaline amoebocytes. In this group two kinds of 
cells may be distinguishable at least — small and large lymphoQrtes. The 
former (Fig. 22, a-c) is 4-6 in diameter, its nucleus is large or small, 
and the cytoplasm is intensely basophilic. There is no granular substance 
in the cytoplasm of this cell. The latter (Fig, 22, d-j) is 8-12/^ in 
diameter. Great majority of them are cells with small and round nucleus. 
These are abundant next to erythroi^tes and fully described by Sato. 
Besides these, large celts with a large ntideus are encountered infrequently 
tad it is supposed that theso may bu ancastral of the smhU nudeat- 
ed lencei^tes or mrythrecytw. The nuettas is ovuidv huan or kidhey it 
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shape, and occupies the greater part of the total cell-volume. The chroma- 
tin is coarsely granular and shows the cart wheel-like arrangement, oc- 
casionally. The <ytoplasm is stained gray-blue by Giemsa’s method, and 



Fig. 22, l.*eucocytes of Area. cm. 1,000 x. 

a-j. Hyaline amoebocytes. k-^t. Granular amoebocytes. 

a few round, basophilic or a;;urophilic granules are found in it upon rare 
occasions. PolyChromatophilic cytoplasm is seen in the occasional cells 
of this group. 

Hyaline amoebocytes are actively amoeboid and phagocytic. They show 
positive reactions to the vital staining and indophenol blue synthesis. 

2) Granular amoebocytes. These are also an infrequent element in 
the blood of Area. Great majority of granulocytes of the present speci- 
mens are somewhat smaller than the corresponding cells of Physcosoma. 
The granules are usuaUy Sphetical or ovoid and of the uniform size in a 
given cell (Fig. 22, h-t). The nucleus is round or oval and frequently 
hidden with the granules, tn smears stained with Girmsa’s method the 
granules show the amphophilic reaction with an inclination to basophilia. 

The granulo( 7 tes are amoeboid and phagocytic, but less active than 
the hyaline amoebocytes. Vital staining and indophenol blue synthesis are 
also positive remar^bly. 


Glydmem vestUus. 

The UiMal kinds of leucocytes such as hyaline amoebocytes, Bnely 
gnsnuliBr amoeboqrtei and coaraely granular amoebocytes ate emmuntered 
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also in the blood of the present specimens. 

Caudina chilensis and Molpadia roretzii. 

Kawamoto (1928) reported the leucocytes of Caudina in detail. The 
present author made also some informations on this subject in the previous 
papers (1933, 1936). Of the fusiform corpuscles it is accepted that they 
possess no nucleus. But I found many of nucleated ones in the fixed 
smears of the Hood of Caudina, stained by the method of Giemsa (Fig, 

23, a-g). The fibres of nucleated fusi- 
form corpuscles are in a majority of 
cases arranged in a single bundle, but 
those were seen occasionally in which 
two, three or several bundles run in 
various directions (Fig. 23, i). Such ones 
were seen also in which the end of 
fibres stand widely apart. Moreover 
there exist those fusiform corpuscles 
in which no striation is visible. The 
latter appear to be formed in the blood 
corpuscles. They are small, oval, hya- 
line and refractive at first, but they 
grow larger and taper by and by, and 
the longitudinal striations become visi- 
ble. These changes are very similar 
to the crystal formation in the red 



Fig. 23. Various forms of fusi- 
form corpuscles in the blood of Cau- 
dina, ca. 1,000 X. 


blood corpuscles. 


Haematopoiesis of Gephyreans. 

It is generally accepted by many authors that the coelomic corpuscles 
of invertebrates are formed by the proliferation of endothelial cells 
and the mitoses of cells in the circulating fluid. An evident was seen 
indicating that probably the parietal and visceral peritonea of the 
present specimens are also an essential locus of haematopoiesis. Spengel 
(1879), Jameson (1899), Ikeda (1904) and others studied on the his- 
tology of various Gephyreans. Jameson, for example, stated that the 
peritoneum of these animals {TTuUassema nepvtui) is composed of lenticular 
cells of somewhat polygonal outline in section of surface. In the present 
Specimens similar relation was observed. T1ie> peritoneal cells are intensely 
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positive to vital, supravital staining and oxydase reaction. For the study 
of haematopoiesis, worms fixed with Helly’s fluid were sectioned and 
stained with Giemsa’s stain or Delafield's haematoxylin and eosin. In 
several places of peritoneum it is possible to see that the cells, first 
hypertrophied and elongated 
intensely, projecting into the 
lumen of coelom (Fig. 24). 

The mitotic division may occur 
at this stage. Accordingly the 
peritoneum assumes an ap- 
pearance of pseudostratified 
epithelium. Proliferation of 
hypertrophied cells from perito- 
neum is followed by the for- 
mation of a hemoblast. The 
nuclear volume is usually small 
in the cells of advanced meta- 
morphosis, while it amounts to 
about a half or more of the 
total cell volume in the young 
cells, but there are exceptions 
to such generalized principle. 

The cytoplasm is at first hya- 
line and deeply basophilic but 
it becomes polychromatophilic 
or eosinophilic in occasional 
cells, showing the differentia- 
tion to the direction of erythrocytes. The presence of nucleolus is fre- 
quently seen in the nucleus of these cells. The granulation of cytoplasm 
occurs also in this locus. 




Fig. Hi, Hypertrophied and proliferating 
splanchnic (a) and somatic (h) peritoneum of 
Fhyscosoma. ca. 800 x . 

1. Peritoneal cells. 2. Longitudinal muscles. 
3. Circular muscles. 4. Epithelium of intestine. 


DISCUSSION 

The results stated in Part I are summarized in tables 2 and 3. 

It is generally accepted in recently published descriptions (Romieu 
1923, Dawson 1932. and others) that red coloured corpuscles of inver- 
tebrates are usually nucleated but not amoeboid. In, the present investi- 
gation the red blood cells of Thalassemat Caudina and Molpadia possessed 
conspicuous protrusions respectively, when they were exposed to an 
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unfavourable eonditiob, but the amoeboid movement was not seen in any 
ease. 

In the eight speoies here described all the red corpuscles are circular 
or oval in outline and have disk-like form. Their sizes show a good deal 
of variation even within a species or an individual, contrary to the ery- 
throcytes of vertebrates. 

As it was pointed out by Dawson (1932b) granular inclusions appear 
to be characteristic of almost all invertebrate-ersrthrocytes. In the present 
case all species of animals possessed the red cells in which coloured or 
colourless granules in variable number, shade and shape are contained. 
The granules of red cells of Urechis and Thalassema show the charac- 
teristics of fat most intensely. Moreover, even the presence of vitamin 
A in the granules is also detectable. These facts suggest that the red 
cells of these animals serve also the purpose of transportation or reser- 
voir of nutrient substances, besides the respiratory function. In other 
words, they still remain in a lower stage of differentiation from the 
leucocytes. As is seen in Table 3, the granules of other six species are 
also blackened with osmic acid, suggesting the existence of fatty substances 
in them. The granules arc extensively positive to the oxydase reaction 
with no exception. As it was pointed out by Katsunuma (1919), KiyonO 
(1927) and others, almost all leucocytes of invertebrates possess the oxy- 
dase-granules. In the vertebrates, however, the appearance of these 
granules is limited to the leucocytes of myeloid origin. In the present 
case that the oxydase granules appeared not only in leucocytes but also 
in red cells suggests also the low differentiation of red cells of inverte- 
brates. As was frequently stated in text-books, that among invertebrates 
there are no cells which are exactly comparable with the erythrocytes of 
the vertebrates is the truth, so far as the facts are concerned with these 
points. There are, however, some facts which contrast with this opinion. 
It is evident from the present observation that patterns resembling the 
segregation apparatus and the reticulation of vertebrate-erythrocytes can 
be obtained in the red cell of the present specimens, by the application 
of vital dyes or silver nitrate. The segregation apparatus or neutral red 
bodies of vertebrates are studied extensively by Jordan (192&), Dawson 
(1928, 1929a, 1932a, 1933), Yasukumi and others (1934) etc. Dawson 
(1932a) concluded that the numba* of se-caOed segregatimi apparatus is 
nearly constant within a given species of vertebrate. This was true ebe 
in the present investigation, as was seen in dte red cells of C/rscftfs, 
Thd&ssma, Caudina and Mndpadia, Romheu (1923) obtainad « cosine- 
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network in the corpuscles of Glycera tesselata after haemolysis 
and suggested that it might correspond to the substantia granulo-filamen* 
tosa (reticulation substance) of the vertebrate-erythrocytes. Dawson (1932b) 
described also patterns resembling the vertebrate reticulation in the red 
cdia of four invertebratesi Phascolosoma gotddi, Glycera dibranchiata^ 
Thyme fueus and Area transversa* The results of the present observa** 
tions accord well with their descriptions, 

The most clear and typical pattern of reticulation was obtained, how- 
ever, in the red corpuscles of Physcosoma^ Area, Glycimeris, Caudina, and 
Molpadia, using the silver impregnation method of Tomita and others. 
As was mentioned above, Tomita, Kawabe and Yuba (1934) made 
systematic studies on the minute structures of erythrocytes of different 
classes of vertebrates with a new method of silver impregnation, and 
distinguished the fine cellular structures as follow : A. Reticular type ; 
1. Fundamental type, 2. Transitional type, 3, Simple type; B. Negative 
type; C. Specific type; 1. Fibrillar type, 2. Type of droplet, 3. Type of 
filament. Since the typical pattern of fundamental type is found in fish 
and amphibia it was called also “ amphibian type In a similar manner, 
the simple type was named “ avian type ” and the negative type “ mam- 
malian type”. By the same method, during the earlier development of 
chick embryos, the silver impregnated structure of erythrocytes shows the 
amphibian type and with further development the structure approaches to 
avian type. A similar result was obtained also in the embryo of rabbits. 
These are regarded as an evidence of the biogenetic law. 

It is of interest to find what kind of silver-impregnated structure exists 
in the erythrocytes of invertebrates. In the eight species here described 
the red cells of Physcosoma, Area, Glycimeris, Caudina and Molpadia 
showed a typical pattern of amphibian type, and the red cells of the rest 
were of the tiegative type. That there is no pattern peculiar to inverte- 
brate erythrocytes is evident, so far as the animals of present investigation 
are concerned. Kawabe (1934*) and Izumi (1935) made observations on 
the effects of various reagents on tiie fine structure of vertebrate-erythro- 
cytes. Their results are in accordance with each other on a point that 
fine riaveture is deformed or dktintegrated by the action of various 
reageotl. A sindiar result was also obtained in the present investigation. 

From these faets mentioned just above it is concluded that the erythro- 
cytes of pome invertebrates bear a close resembrance in their fine structure 
le these of the vertebrates, especially fishes and amphibia, Why did the 
crythrecartea of Uvtdm, Th/UoMtma, TerebfUa and full grown Area show 
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no reticulation pattern by the silver-impregnation? As to this question 
I know nothing at present. In the present investigation, however, it 
seems be possible to conclude that there are numerous preexistent granules 
which are intensely positive to silver impregnation throughout the erythro- 
cytes of negative type. Moreover, the secondary fine granules of supra- 
vital staining are also difficult to appear in the cells of the negative type. 
I suppose, therefore, that there exists some relation between the preexistent 
granules and the cellular fine structure. Further investigation is necessary 
on this point. 

The red blood cells of present investigation are prepared with a definite 
cell membrane. They change their shape when they go through a narrow 
space, hut they return to the normal one as soon as they passed there. 
The red cells are invaded with saponin, and the main part of the cell 
body flow out through a localized opening. They swell like a balloon 
when immersed in a hypotonic solution while they assume a thorn-apple 
shape in a hypertonic solution. These are also similar to the erythrocytes 
of vertebrates. 

The nucleus of matured erythrocytes is usually small und round. In 
the young type of cells, however, a large nucleus in which chromatin 
granules are arranged in a shape similar to that of the normoblast of 
vertebrates is seen not infrequently. The red cells of some invertebrates 
(Glydmeris, Physcosoma, Area etc.) show the polynucleism in a consider- 
able frequency while those of the vertebrates contain usually a single 
nucleus. On the contrary the polynucleism of white corpuscles, which is 
exceedingly common in the blood of the vertebrates, was not found in 
these invertebrates. It seems to me that the blood corpuscles of both 
groups of animals show a contrast in respect of the polynucleism. 

From the data mentioned above a conclusion may be drawn that the 
erythrocytes of some invertebrates possess the same characteristics of 
vertebrates in general, except the constant existence of various cytoplasmic 
inclusion. 

Concerning the facts stated in Part II there is little to be discussed 
here. Great majority of leucocytes, as were mentioned above, are positive 
to the reactions of indophenol blue synthesis and vital staining, showing 
the low grade of differentiation compared with those of the vertebrates. 
Polymorphism or lobulation of nucleus of granulocytes is very common 
in the vertebrates, but it was not found in any specimens of the present 
case, as was mentioned above. The chromatin granules, however, assume 
frequently certain arrangement which makes one recall the lobulation of 
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nucleus to the mind. Namely they are more densely arranged in the 
peripheral zone of a nucleus than in the central part of it. Such a nucleus 
takes the appearance of a ring or, more frequently, an unclosed ring which 
leads investigators to misjudgement, recognizing it as a lobulation of 
nucleus at an early stage. Bean- or kidney-shaped nucleus which is seen 
in the transitional form of vertebrate’s lymphocytes, however, is found 
also frequently in the hyaline amobocytes of the present specimens. 

The granules of leucocytes are similar to those of vertebrates in ap- 
pearance. But most of them are acidophilic or amphophilic with more 
or less indication of acidophilic, and pure basophilic granulocytes are 
encountered rather infrequently, contrast with the case of vertebrates. 
That fatty granules or globules exist abundantly is also a characteristic 
of the invertebrates-leucocytes. 


SUMMARY 

1. The formed elements in the body fluid of Urechis unicinctus, 
Thalassema gfjgoshimense, Physcosoma scolops, Terebella sp.. Area inflata, 
Glycimeris vesiitxis, Caudina chilensis, and Molpadia roretzii, were studied. 

2. The properties of red cells and the granular inclusions are sum- 
marized in Tables 2 and 3. From the data found in these tables it may 
be concluded that the red cells of these animals are very rich in granular 
inclusions, but they possess the cytoplasmic structure similar to that of 
vertebrate-erythrocytes. 

3. The ordinary kinds of amoebocytes hyaline and granular amoebo- 
cytes — were distinguishable in all these animals. In the coelomic fluid 
of Physcosoma large granulocytes, similar to the lamphocytes of earth 
worms, and the urns were seen besides the ordinary formed elements. 

4. Haematopoiesis of peritoneal epithelium was seen in Urechis^ 
Thalassema^ and Physcosoma, 

I wish to take this opportunity to thank Dr. S. Hatai for his interest 
during the course of this investigation and for revising the manuscript in 
spite of his precious time. My thanks are also due to Dr. S. Takatsuki 
and Mr. T. KawamuRA for their kind suggestions on the collection of 
materials used for the present investigation. 
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ON THE COELOMIC CORPUSCLES IN THE BODY FLUID OF 
SOME INVERTEBRATES 

VIII. SUPPLEMENTARY NOTE ON THE FORMED ELEMENTS IN THE 
COELOMIC FLUID OF SOME BRACHIOPOOA» 

By 
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(With nine figures) 

(Received August 23, 1937) 

In the previous paper (1936) I gave some informations on the coelomic 
fluid of a brachiopod, Terebratalia coreanica. Recently I was bestowed 
an opportunity to get abundant specimens of Coptothyris grayi (Davidson) 
{=Coptothyris grayi aomoriensis Hayasaka), Lingula unguis Linnaeus 
(=Lingula anatina Brugiere). I wish to describe here about some obser- 
vations made upon the formed elements in the coelomic fluid of these 
animals. 


Coptothyris grayi 

These animals are very abundant in Mutsu Bay, and were collected 
exclusively in the vicinity of the Asamushi Marine Biological Station. 

The following types of cells are distinguishable in the body fluid : 1. 
hyaline araoebocytes, 2. coarsely granular amoebocytes, 3. finely granular 
amoebocytes, 4. amoebocytes with orange granules, 5. amoebocytes with 
brown granules, 6. amoebocytes with red granules, 7. vesicular cells, and 
8. spindle bodies or fusiform corpuscles. 

Since the cells of the first four kinds are not essentially different in 
appearance, function and occurrence from those cells of Terebratalia, so I 
will omit their description. As to the amoebocytes with red granules 
there is also no fundamental difference from those cells of the animals 
just mentioned above, except the point of the number of red granules. 
As I described in the previous paper, the number of these granules of 
TerdrraktUa was from one to six in a cell, although there were found 
occasionally tihose cells in which a dozen or more of granules were con- 
gkmierated bke a mulbeny-formed padcet. In the present instances, 

^^Contribution from die Marine Biological Station^ Asamushi, Aomori-Ken. No, 148. 
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however, one or two dozens are the usual number of red granules (Fig. 
1, a-c), and it is possible to encounter a cell which contains one hundred 
or more granules, not so infrequently. There is found a little rdation 

between the number at red 
granules and the size of shells. 
The colourless granules which 
were very common in the red 
cells of Terebratalia are rarely 
found in the present case, and 
it may be due, perhaps, to the 
abundant existence of red 
granules. The pigment in the 
red granules possesses a tendency 
to crystallize within the cells. 
Under the prolonged microscopic 
observation the red granules 
which were at first round or 
oval in shape become gradually 
tetragonal or rectangular (Fig. 
1, d, e). The granules fuse 
together by and by, and the crystals grow larger and larger (Fig. 1, f). 
Such a ceil is frequently seen in which some granules still remain in the 
natural shape while and others turned already into the crystals. Such 
intracellular crystallization is not characteristic of the cells 6t CopMh^ri* 
only, but is also found in those of Tertbraialia, 

Vesicular cells are a rather infrequent element in the coelomic fluid 
of Coptothyria. These are celb measuring about 6-15 in diameter and 
contain usually a single large vacuole surrounded by a thin layer of cyto- 
plasm which is thicker in the region where the nucleus is located. The 
vacuole is filled with colourless or slightly pale cinnamon-pink cdoured 
fluid. This fluid takes various dyes such as neutral red, brilliant cresyl 
blue, Nile-blue sulphate, etc., supravitally. Several crystals of needle-shape 
are seen frequently in it (Fig. 1, g, h). Ind<q>hendi-bltte synthesis ooeurs 
in this fluid. By die reexamination the codoroic fluid of Terdnvtalia 
this kind of cells was also found in it. 

In the foregoing papar I could not state positively as to the presenee 
of spindle bodies in the blood (d T^Aratalia. In the present investiga- 
tion, however, it was ascertained in tiie both animals, TenbnOaUa and 
Copldthyri$, Spindle bodies of these animals me so sparsely found that 



Fig. 1. The coelomic corpuscles of Copto- 
thyris grayi. ca. 900 X. 

a*^. Amoebocytes with red granules, 
d-f. Amoebocytes with red crystals, 
g, h. Vesicular cells. 
i-1. Fusiform-corpuscles. 
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one may examine several cover glass preparations of body fluid without 
finding one. Since very numerous animals, I am happy to say, were 
obtained in the present investigation, I brought together the body fluid 
of several individuals in a test tube ; it was centrifuged and the precipita- 
tion was examined under the microscope. Only a few spindle bodies 
were found in an amount of such concentrated body fluid (Fig. 1, i-1). 
I kept, on the other hand, 
several individuals in the 
fresh water to know whether 
such unfavourable condition 
causes the increase of spindle 
bodies or not. There is, 
however, no evidence of 
new formation of these 
enigmatical bodies in this 
case. Of the spindle body 
the detailed description will 
be seen in the next section. 

The structure of the 
cirri of Coptothuris was 
quite similar to that of 
Terebratalia. The presence 
of endothelium which serves as a transversal septum and divides the lumen 
of cirrus into two was clearly seen in tiie present specimens (Fig. 2). 



Fig. 2. The optical section of a cirrus, ca. 600 x , 
Most of the right half is omitted in this figure. 

1. Ciliated epithelium in which granular amoebo' 
cytes are teen. 

2. Elastic layer. 

3. Endothelium. 

4. Amoebocytes with red granules. 


Lingula unguis {^Lingula anatina). 

Regarding die histology of Lingula unguis LiNNAEUS=Ltngu/a anatina 
BRUGlittE there is an excellent work of Yatsu (1902), in which he de- 
aorihes also the formed dements found in the coelomic fluid. He dis- 
tingttishect three kinds of coelomic corpuscles; 1. blood corpuscles, 2. 
leucocytes, and 3. spindle bodies. I obtained recently many specimens of 
Linguh , unguis by the kindness of Mr. K. Baba who collected them in 
Ak vjdnity of the Amakusa Marine Biological Station. The results of 
^ observation on- die coelomic corpuscles of these animals are in accord' 
•nee widi the description Yatsu, save for some details which I am 
fohig to put down in the following. 

I diadnguhhed five kinds of formed elements in the codomic fluid ; 
1, red blood oorpusdes, 2. hyaline amoebocytes, 3. eosinophilic granub- 
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cytes, 4. basophilic granulocytes, and 5. spindle bodies. 

1 . Red blood corpuscles. These are ‘ blood corpuscles ’ in the term 
of Yatsu. In my previous paper {1936a) I stated incorrectly that ‘ blood 
corpuscles ’ are, perhaps, the cells corresponding to the hyaline amoebo- 
cytes of Terebratalia, I must express my regret for such misunderstand- 
ing of his description. The source of my ridiculous confusion is found 
in the following description of Yatsu : “It (‘blood corpuscle’) is colour^ 
less, transparent and — In my present observation also the blood 
corpuscles do not appear red but merely of a very pale yellow tinge 
when they were seen one by one; a distinct eosin-pink colour which 
resembles that of red cells of Gephyreans is, however, seen when a number 



Fig. 3. Red blood cells with haemoglobin-crystals, ciu l,200x. 


of ' blood corpuscles ’ are brought together. That these cells contain a 
blood pigment in the cytoplasm is also evident from the fact that the 
intracellular crystallization of the pigment takes place ebsOy in vitro (Fig. 
3). As is seen in my last paper (1937)' the same phenomenon was ob- 
served in the red cells of Ana and Urechis, and it was supposed that 
such crystal formation may be due to the gentle withdrawal of water 
from the cytoplasm. In the present iavestigation the intracellular crystals 
appeared when the cells were exposed to absolute alcohol or the sugar 
solution of a considerably high concentration. By the actions of these 
reagents, perhaps, the water of cytoplasm is withdrawn, the blood pigment 
becomes more concentrate, and oonsequendy the pigment begins to separate 
out as the crystals in situ. Some cells contain several crystals which are 
columnar in shape and aggregated like a rosette, but a majority of cells 
possess one to several rhombic tabular crystals. These crystals are slightly 
pale cinnamon pink in colour. By the Teichmann’s test the crystals just 
aforementioned are demonstrable. I suppose, accordingly, that the blood 
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pigment of present instance may belong to a haemoglobin. 

The red blood corpuscles are, as was already described by Yatsu, 
usually depressed in one or two places in normal conditions (Fig. 1). The 
nucleus is not seen owing 


to the presence of blood 
pigment. Usually one, oc- 
casionally two or three, 
small and refractive 
granules similar to those 
wich are commonly found 



in the red blood corpuscles 
of various invertebrates 
are visible almost constant- 
ly. These granules are 
stainable supravitally with 
Cresylechtviolett, brilliant 




cresyl blue, Nile-blue sul- 
phate, Janus green B, 
neutral red, Scharlach R. 
etc, and are positive to 
the indophenol blue 
synthesis. Prolonged ob- 
servation under the micro- 
scope causes the depres- 



Fig. 4. Red blood cells, ca. 1,200 X. 
a-f. Fresh and unstained corpuscles. 
g~i. Fresh corpuscles stained supravitally with bril- 


sion of red blood cor- 


liant cresyl blue showing clear and regularly 


pU8Cle& to disappear and arranged vacuoles. 


they become a disc with slight biconvexity. 


The nucleus of the red corpuscles in such 
condition becomes visible. It is usually 
round or oval, but occasionally rod, cocoon, 
U-, V-, or Y-letter like in the shape (Fig. 
5). The ordinary cells possess a single 
and more or less eccentrically situated 
nucleus, but those cells which have two 
or three nuclei are encountered upon rare 
occasions. A single nucleolus is found in 
the nucleus. Chromatin substance is fine 
and numerous, and nuclear appearance, 
therefore, is rather compact. 




^ig. 5. *^ned cells stained supra- 
vitaliy with Janus green B shoW' 
ing polymorphic nuclei and mito- 


chondria. ca. 1,000 X. 
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Supravital staining vritii hrfliiant erasyl blue, Cresyleditviolatt, eto. 
CBUsas the appearance of several vacuoles whidi form usually a Ikie on 
^ equatorial surface of cells and are stained dightly in pinkish tfaige 
(Fig. 4, g-i). Occasionally a deep blue or purple coloured particle in 
quivering movement is found in most of the vacuoles. The formation of 
those vacuoles in the red cells of marine invertebrates was found by 
Dawson {Phascolosoma 1932) and the present author (Urtchu and Thaltut- 
sema 1937), but the arrangement of vacuoles was not so regular as in 
the present instance. Besides the preexisting refractive granules, fine rod 
or granules in various numbers appear in the cytoplasm by die supravital 
staining (Fig. 5). These granules or rods nearly fill the cytoplasm of the 
small (perhaps young) cells, while they found very sparsely or are entirely 
absent in the large and full grown cells, and there is found ev^ grada- 
tion between these ex- 
tremes (Fig. 6). 

The present author 
(1937) detected the 
presence of a typical 
reticular pattern in die 
red cells of Phyaeosoma, 
Area, Glyeimeris, Cau- 
dim and MolpaduL, 
using the method of 

Fig. & Vurkiw ttagM of red-MlI dovolopment Supra- TOIOTA and odters. In 
vitally atainod widi Craaylaelitviolatt. oa. 1,200 X. the present specimens 

that 'pattern was also 
found almost all red cells (Fig. 7). 

In die fixed smears stained by 
Giemsa’s method the cytopiasai of 
red odls, diows, of course, dm eosin- 
ophilic reaetkm. 

2. Hyaline amoebocytes. Hiese 
cells are one of lormed dmnents 
rarefy met with in the coelomk fkiid, 
measuring 5-12 in diameter ^ig. 
8, aHf). They are otdouriess, hyaline, 
amoeboid and phagocytic cdls simdar 
Fig. 7. gBvw iMpNcnation s( rad the oacvetponding oalia of other 
oalis.«iu iiOOOx. animals. In tho fixed smears alainad 
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with Gibmsa’s stain the cytoplasm shows various tinRes from light blue 
In Uue violet, and contains one or several small vacuoles. The nucleus 
is stained always rosolanc purple. The hyaline amoebocytes are difficult 
to distinguish hrom the young erythroc 3 rtes with supravital preparation, 



Fig. 8. Leucocytes of Lingulat ca. 1,000 x. 
a«*f. Hyaline amoebocytes 
g**h. Coarsely granular amoebocytes. 
i'-k. Finely granular amoebocytes. 

1. Amoebocytes with an ingested fusiform corpuscle. 

and on this basis, 1 suppose, Yatsu would have omitted the former from 
his description. It is possible, however, to distinguish the young erythro- 
CS^tes from the hyaline amoebocytes with their polychromatophilic nature 
to the Gieissa’s stain. 

3. Eosinophilic granulocytes. These are corresponding cells of ‘ leuco- 
oytes’ in Yaesu’S report. They are amoeboid, phagocytic and positive 
to the vital staining, Nadi>reaction, etc. (Fig. 8, i-1). The granules in a 
given cell are nearly uniform in sise (approximately 0.6 2.0 // in diameter) 
and show tiie oxyphilic reaction. The nucleus is concealed with the 
grannies. These odls are next abundant to the red cells, and an agglu- 
tinated mass composed of several dozens of these cells are found usually 
here and there among the red c^ by tiie microscopic observations. 

4. Basophilic granulocytes. These cells are very much similar to the 
eeaioopltfls in liie and structure but they possess more coarse granules in 
oompariaMi wftii tho eosinopfaila and the granules are stained, of course, 
BMBtachromatk basophilicany by the method of Gibmsa (Fig. 8. g, h). 
Hum cella are eBCountered very rarely in die maigiinal lacuna. 

8. Stuindlle bodies. A review of the literature on the spindle bodies 
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of Lingula was given by Yatsu (1902). Besides Brachiopodd these bodies 
were found in the body fluid of Bryozoa (CoRi 1891), Annelida (MrAzeR 
1910), Echinoidea (Theel 1920-'21 ; Dawson 1932), Holothuroidea (Kawa- 
moto 1927; Ohuye 1936), Mollusca (Orton 1923), etc., so far as I 
am aware. It seems to me that the spindle bodies or fusiform corpuscles 
of these different groups of animals are of the same substance, judging 
from the description and figures of these authors. Regarding the nature 
of spindle bodies some authors (MrXzek, Orton, etc., for example) believe 
that they are degenerated and detatcbed muscle fibres while one of them 
(Yatsu) confirms the blood-cell origin of these enigmatical bodies. Yatsu 
succeeded to discover nearly all stages of transformation from the ordinary 
red blood corpuscles up to the spindle bodies. It seems, therefore, that 
there is no doubt about the blood cell origin of spindle bodies so far as 
Lingula is concerned. The reasons from which Mrazek, Orton, etc. 
induced the view tliat the spindle bodies originate from the muscles are, 
perhaps, itemized as follows: 

(1) The spindle bodies show a longitudinal striation, similar to those 
of smooth muscles. (2) Staining reaction of these bodies and muscles 
resembles closely each other. (3) The length of spindle bodies exceeds 
100/^ or more occasionally, and it seems to be difficult to believe that 
such enormously long cells would be produced from the blood cells. (4) 
Spindle bodies are found abundantly in those individuals kept for some 
time in unfavourable condition which may cause the myolysis. 

These four items are, indeed, a strong evidence to assert the myoge- 
netic theory, but these are not sufficient to conclude that the spindle 
bodies must be produced only from muscles. For the purpose of making 
this point clear I made some observations.on the spindle bodies of lingula. 

(1) On the striation. Yatsu described that the fibres of the spindle 
bodies are formed from compact bodies which are produced from the 
cytoplasm of red cells and are a very compact, homogeneous and stron^dy 
refractive sphere. I observed also the similar behaviour of blood cells of 
Caudina, as was noted in my previous paper (1937). That these fibres 
possess properties somewhat diff^nt hx>m the myofibriUae may be con- 
cluded from the following facts, i. Of the arrangement. Some of the 
spindle bodies show a specific arrangeroeet of fibres which is not found 
in the muscles. There are seen occasional cells in which a few fibres are 
clustered irregularly in their central portion. It is also discernible in sopie 
instances that there are two to five, or very occasionally six or more 
bundles (Fig. 9, o), so arranged as to form various angles with each other. 
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These irregular arrangements of fibres are not seen in the muscles, ii. 
Resistance to chemical reagents. In a majority of the cases the fibres of 
spindle bodies are more or less coarser than the myofibrillae, but they 
are less resistant to various acid and alkali. Weak alkali such as N/lOO 
NaOH causes the fibres to dissolve. Acetic acid, dilute hydrochloric, 
sulphuric, or oxalic acid causes also the dissolution of fibres, but in nitric 
acid (N/10) the spindle bodies are fixed and well preserved. After the 
dissolution with sulphuric acid there is seen the new appearance of numer- 
ous needle-shaped crystals. The spindle bodies are also preserved in the 
ordinary fixatives such as corrosive sublimate, picric acid, osmic acid, 
formol, iodine, etc. These bodies are not dissolved in alcohol, ether, 
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chloroform, aceton, xylol, benzol and so forth. These properties 
common to those of muscles, iii. As was observed by Com in I%onmi 
and Yatsu in Lingula, a series of fine, easily stained refractive gramdes 
can be seen arranged on the equatorial surface of spincBe bodies, in 
favourable preparations fixed with formalin and stained with acidulated 
methyl green (Fig. 9, f. g). The granules are also demonstrable with 
osmic acid or iodine fixation, though Yatsu stated that they are not 
visible by any other methods than that of acidulated methyl green. In 
the preparations treated with Cresylechtviolett supravitally, a disc stained 
slightly in purplish tinge and penetrated with numerous fibres appears in 
the equatorial plane of cells (Fig. 9, h, i). This disc cannot be taken 
as nucleus, since it differs in the chromatic properties from the nucleus. 
Moreover there is seen frequently a nucleus besides the disc (Fig. 9, i). 
In the muscle fibres such granules or discs are not discernible. 

(2) On the staining reactions. As was pointed out by Yatsu, the 
behaviour of spindle bodies toward the stains suggests that of muscle. 
In the present observation it is also well in accordance with this state- 
ment. Both tissues are positive to eosin, erythrosin, Cresylechtviolett, 
brilliant cresyl blue, Nile-blue sulphate and so forth. Bsst’s carmine and 
Scharlach R. stain the spindle bodies a little. By the methods of Giemsa, 
May-Grunwald, Ehruch-Biondi, etc. they show oxyphilic staining. It is 
generaUy accepted that there is found no nucleus in these enigmatical 
bodies. 1 succeeded, however, to demonstrate the nucleus of spindle 
bodies in some favourable preparations stained witit Cresylechtviolett, 
acidulated methyl green and so forth (Fig. 9, a, d, e, i)> The nucleus 
is round or oval, usually single but occasionally two ina'cidl and measures 
in diameter. The nuclear membrane is distinct and nuclear content 
is densely granular. Hie nucleated spindle bodies are figured by Mrazbk 
and Orton (I. c.) but tiiey are interpreted as the leucocytes which have 
ingested the spindle bodies. Tbe nucleus in that case, tfaereftwe, dqes not 
belong to spindle bodies, but the leimocytes. There would happen such 
a case occasiontdly, bat it is difficnlt* to consider from tim following bans 
that all the nucleated qpindle bodies are produced in 'this manner, i. 
There is no such a large hyaline amcwhoQ^te as is {dble to gtdp the spindle 
body. As aheady mentioned above, the hyaline amoebo(Q^ are die 
smallest cells in die cbelomic fluid of Xtt^gufa, while nueleated s|>indle 
bodies are usually several times lorgw than them. Grimaloi^teB are large 
enough to ingest small or median sked spindle bodies. It is seoi, as a 
matter of fact, that occasioiiifly dm graadot^les contain a single, i^tindle 
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body (Fig. 8, e). In this case the spindle body is, of course, surrounded 
with numerous granules which are not to be seen in the spindle bodies, 
ti. Hyaline iMoebocytes frequently possess bean-shaped nucleus, but 1 failed 
to find nucleus of such a shape in the spindle bodies, iii. The cytoplasm 
of nucleated spindle bodies turned, in a majority of the cases, to the 
fibres thoroughly, and there remains the ordinary hyaline cytoplasm very 
sparsely in the perinuclear zone. In the case of usual phagocytosis there 
exists a remarkable extension of ordinary cytoplasm besides the ingested 
substance. 

(8) On the enormous length of spindle bodies. Yatsu described the 
spindle bodies to be vary greatly in size, measuring 55 in length on an 
average, and the longest often attaining twice the usual length. Such 
enormous length makes it difficult for us to believe that they can be 
produced from the red blood corpuscles which measure 10-20 in dia- 
meter. It is not impossible to explain, however, that the spindle bodies of 
such a large length are formed in the shape of coil in the cell body. 
There exist, as a matter of fact, frequently the coiled spindle bodies of 
various complicacy. In some of them the coils begin to disentangle, and 
turn to a long linear body (Fig. 9, m, n). In such a long spindle body 
there are found from one to several constrictions from which the bundle 
of fibres is bent or twisted. When the bundle is folded into two, form- 
ing the shape of the letter V or U, there is a constriction at about the 
middle of it. There exist two constrictions in the case in which the 
bundle assumes the shape of triangle or letter *p. The bundle which 
possesses three constrictions does not form tetrangle, but it is folded into 
fdur in the ^pe of the letter W, f, an eddy current etc. Thus the 
bundle of fibres assumes various complicate forms with the increase of 
constriction. It seems to me that the bundle of fibres breaks into small 
pieces from these constrictions, and they take an irregular arrangement 
at the inside of the cell membrane (Fig. 9, o). These pieces become 
free when the cell membrane would be burst. If this assumption is true 
it will be understood that there exists a considerable variation in the size 
of spindle bodsts. 

. (4) That the spindle bodies are found more abundantly in those indi- 
YidiMls which were kept for some tune in unfavourable condition is certi- 
fied by Mrazbk in Atmdida, Orton in Mollusca and the present author 
(1936) in E/Mnoderma, Orton believes, as mentioned above, that the 
apindle bodies are produced by muscular degeneration. He made an 
trfwervatioo by boring a hole in the shells of oysters to attempt to produce 
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spindle bodies artificially. Of the 11 oysters bored in this experiment 7 
showed spindle bodies, similar to those obtained in gaping oysters. I 
made also an experiment on the production of spindle bodies of Lingula 
though with failure. The peduncles were torn df from the shell, the 
fluid of peduncular cavity in which the spindle bodies are found most 
abundantly was removed by gently pressing the peduncles. These peduncles 
were kept for several days in fresh water. The muscular wall of them 
begins to degenerate and soften, and milky fluid of disintegrated muscles 
flows out from peduncular cavity into the water. A drop of this fluid 
was examined under the microscope, in expectation of the abundant OC' 
currence of spindle bodies, but there was found very few or nearly none 
of them. From this result it may be also concluded that the spindle 
bodies are formed es.sentially from some other elements than the muscles, 
at least in the present specimens. 

From the facts mentioned above it may be understood that the origin 
of spindle bodies of Lingula can be explained from some other basis than 
the myogenetic theory, though it is insufficient in data for the present. 

SUMMARY 

1. In the coelomic fluid of a brachiopod, Coptothyris grayi we can 
find the formed elements similar to those of Terdmitaria coreanica of 
which I gave some informations in the previous paper. 

2. The spindle bodies are found in the body fluid of both animals 
{Coptothyris and Terebratalia) upon rare occasions. 

3. The body fluid of Lingula contains the red cells which were entirely 
absent in that of Coptothyris and Terebratalia. The pigment of these 
cells are, perhaps, a kind of haemoglobin. It crystallized intracellularly 
in the rhombic tabular shape, and shows the positive reaction to Teich* 
mann’s test. 

4. The red cells contain one or several refringent granules which 
are positive to supravital staining and Nadi>reaction. The full grown red 
cells are rather deficient in cytoplasmic inclusions besides these granules. 

5. Besides the red cdls, hyaline amoebocytes, granular amoebocytes 
(eosinopbita and basophils) and spindle bodies are found in the body fluid 
of lingula. 

6. Some description and discussbn were made on the structure, 
properties and genesis of the spindle bodiea. 
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In conclusion the author wishes to express his hearty thanks to Dr. 
S. Hatai for his interest during the course of the work and kindly read- 
ing of the manuscript sparing his precious time. Acknowledgement is 
also due to Mr. K. Hatai for his kind identification of specimens, and 
to Mr. K. Baba who kindly sent material for the author’s use. 
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Recently Hatai (1931) published information regarding the rediscovery 
of Pheretima sieboldi which had been described first by Horst about half 
a century ago (1883). I was fortunately bestowed with about twenty 
living specimens of these semigigantic earth-worms by Mr. J. Ishikawa 
who collected them in the vicinity of Uwajima City, Khime Prefecture, 
Japan. When one handles roughly or places them in the vapour of 
alcohol or acetic acid they spurt a large amount of coelomic fluid from 
the dorsal pores so intensely that it reaches to the height of about twenty 
inches or more. Similar fluid is also copiously discharged from the mouth, 
and it is, on examination, found to be coelomic fluid with all the usual 
cells. These facts led me to commence some observations on the coelomic 
fluid of the present specimens. 

THE CELLULAR ELEMENTS OF THE Ft.UID 

I recognized four distinct kinds of cells in the perivisceral fluid ; 1) 
lymphocytes, 2) granulocytes, 3) lamprocytes, and 4) linocytes. In addi- 
tion to these elements, the perivisceral fluid contains occasionally chlorago- 
cytes, peritoneal cells, and spindle bodies. As to the cells of the first 
two kinds the appearance and structure are essentially similar to those 
of Dratoida hattamimizu Hatai, of which some accounts had been given 
in my previous paper (1934) so 1 will give only the description concern- 
ing fihe reaction of these cells to the various stains and reagents. 

1. Lymphocytes. The cells of the monocyte-type are also grouped 
under this name. The lymphocytes are positive to the vital- and supra- 
vital staining with various ordinary dyes. These cells contain a few fine 
granules stainable with Sudan III or Scharlach R. Indophenol blue 
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synthesis is positive. The granules or rods which show an affinity to 
Janus green B are remarkably abundant in the perinuclear region, 

2. Granulocytes. These cells are the next abundant in the perivisceral 
fluid. Most of them possess the eosinophilic granules, but there are seen 
those with basophilic granules occasionally. The granules of the latter 
type are somewhat coarser than those of the former. The properties of 
eosinophilic granules to the various dyes and reagents are as follows. 

The granules are positive to the supravital staining. These dyes are, 
to name them in the order of the intensity of staining, brilliant cresyl 
blue, Nile-blue sulphate, Janus green B, neutral red, methylen blue, 
erythrosin, etc. The granules are not stained with Sudan III, but slightly 
stained with Scharlach R. A long exposure of the cells to the osmic acid 
causes a little blackening of granules. The Nadi-reaction is intensely 
positive. The granules are resi.stant to alcohol, ether, chloroform, benzol, 
aceton, and xylol, but are changed more or less in their appearance by 
these reagents; namely, they become less refractive, and somewhat ir- 
regular in shape. They are fixed with the ordinary fixatives such as 
absolute alcohol, aceton, corrosive sublimate, uranium nitrate, formalin, 
iodine, acetic acid, picric acid, nitric acid, etc., but soluble in oxalic acid, 

caustic soda etc. Millon’s 
reaction is slightly positive. 
From these reactions it is 
evident that they are not 
compo.sed only of lipoid but 
also of protein. It is gener- 
ally accepted that the gran- 
ules of human eosinophils 
are formed with a protein 
nucleus enveloped in a lipoid 
substance. Such structure 
may be, I suppose, the case 
in the present specimens 
too. 

3. Lamprocytes. These 
cells are the most abundant 
of all the elements in the 
fluid, and are relatively 
large, oval or circular discs 
with a remarkable bicon* 
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Fig. 1. Lamprocytes. ca. 900 X. 

a, b. Lamprocytes with globules which contain 
small and refringent bodies. 

c. Profile of a lamprocyte. 

d. Lamprocyte stained supravitally with bril- 
liant cresyl blue. 

ft. Lamprocyte fixed with a weak solution of 
corrosive sublimate. 
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vexity, measuring 26/^ on the average (Fig. 1). They are bound with a 
distinct peHicle and incapable of forming pseudopodia. The cytoplasm is 
dear and transparent ; it is embedded with colourless or slightly yellowish 
and circular globules, many of which contain small but refringent bodies 
(Fig. 1, a, b). The number of these bodies in a globule is limited to 
only one in the reports of many authors, so far as 1 am aware, but there 
are found occasionally six granules or more in the present specimens. 

In a majority of lamprocytes there exist two kinds of globules which 
are distinguishable from one another in their size and properties to dyes 
and reagents. A kind of globules is several times larger than another, 
usually contains the refringent bodies, and is positive to supravital staining 
with brilliant cresyl blue, Nile-blue sulphate, neutral red, Cresylechtviolett, 
methylen blue, etc. Another kind of globules is small, contains no ndrin- 
gent body, and difficult to stain supravitally with the dyes just mentioned 
above. The former is from several to twenty or more in number but 
the latter is innumerably abundant. The refringent bodies have most 
intensive affinity to the dyes, and, accordingly, they are stained dec^ply 
even in the case that the colour of dye begins to appear very slightly in 
the fluid in which those bodies are suspended. When one may apply 
one per cent solution of corrosive sublimate to the lamprocytes, all the 
small globules disappear immediately while the large vacuoles remain in 
situ,^ though they show more or less shrinkage and, consequently, an ir- 
regular contour. The small globules dissolve :n alcohol, when they arc 
flxable with corrosive sublimate, as was mentioned just above. In the 
.smear preparation fixed with either ethyl- or methyl alcohol and stained 
by Giemsa’s method the most globules of lamprocytes are solved away, 
and become visible as a single, occasionally double nuclei, which are 
usually concealed with globules, and cytoplasm with reticulation in which 
the globules were sustained. Such structure resembles very much to the 
large granulocytes of Physcosoma of which I described and figured in my 
previous paper (1937), and it suggests a close relationship between these 
two animals. There exist a few meshes which art* filled with basophilic 
substance. These are, perhaps, incompletely dissolved large globules. 
When brilliant cresyl blue in absolute alcohol is added to the edge of 
the cover glass, the small globules burst and disappear immediately. The 
large globule^ are stained deeply with the dye, but they disappear also 
after a few minutes. 

The gicibttles of both types behave similarly to the various reagents 
excefit the case for the corrosive sublimate, as was just mentioned above. 
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They are fixed with osmic acid, picric acid, phosphomolybdic acid, uranium 
nitrate, etc., but they are disintegrated in potassium iodide, formol, boiled 
water, etc. Scharlach R. stains them slightly, but they are negative to 
Sudan III and Nadi-reaction. Millon’s, biuret, or ninhydrin reaction is 
also negative. Various solvents of fats such as ether, chlorofqrm, aceton, 
benzol, xylol etc. cause the globules to disappear. Nitric acid (strong) 
causes the cells to swell, the globules also swell up and burst. Hydro- 
chloric acid, sulphuric acid, acetic acid, oxalic acid, etc. have the same 
effect. In potash or caustic soda the entire cell swells, and the contents 
disappear instantaneously on the arrival of the reagent. Beddard (1895) 
had suggested that the granular corpuscles (i. e. lamprocytes) serve as 
excretory cells. It seems to me that the fragility of the globules endorses 
his view. 

4. Linocytes. There are found numerous linocytes of various shapes 
in the perivisceral fluid of the present specimens while those of Drawida 



Fig. Z. Various kinds of linocgrtas. ca. 900x. 


were very sparse in 
number and atypical in 
shape (Fig. 2). The 
great majority of the 
linocytes of Pheretima 
sieboldi are spherical, 
of about the same size 
of lamprocytes, but 
some of them are as 
small as the lympho- 
cytes. Between these 
two extremes there are 
all degrees of size. The 
young linocytes are 
distinguishable from the 
lymphocytes by the 
presence of a single, 
occasionally two or 
three, large vacuoles 
which have pushed the 
nucleus to one side 
(Fig. 2, a-k). In the 
middle of vacuole there 
is seen frequently a 
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refringent concrement (Fig. 2, e). The nucleus is usually oval, and lies 
in the cytoplasm which is thicker in its neighbourhood than elsewhere. 
The cytoplasm is finely but regularly granulated. ITie vacuoles gradually 
increase in size by the union of smaller vacuoles with one another. Then 
the outline of the united vacuoles becomes refringent and forms a circular 
ring, and from this ring fine, coiled threads are produced. These facts 
accord well with the description of Benham (1901) who has made informa- 
tions on the blood of some acanthodrilids. The young linocytes possess 
usually a single ring or thread-coil, but there exist several independent 
thread-coils in the full grown linocytes (Fig. 2, o). These coils become 
to be entangled with one another and show a very complicated appearance 
which is similar to the myelin form (Fig. 2, n). There are seen infrequently 
those linocytes in which the thread is indistinct, but a series of radiating 
lines occupy the peripheral region of the cells (Fig. 2, u, v). 

Action of reagents, i. Gentian violet stains the threads and the fluid 
in the vacuoles very rapidly a bright blue, as was noted by Benham. 

ii. Nile-blue sulphate stains the threads a deep purplish blue but the 
fluid is hardly stained with the dye. 

iii. Cresylechtviolett stains the threads a blue violet and the fluid of 
vacuoles slightly pink. 

iv. Iodine stains the threads a bright yellow, much more deeply than 
the cytoplasm. 

V. The threads are very slightly and diffusely stained with neutral 
red, brilliant cresyl blue, methylen blue, Cresylechtviolett etc. 

vi. With Scharlach R., the threads are stained an orange yellow. 

vii. Best’s carmine stains some granules in the cytoplasm of linocytes. 

viii. In acetic acid the thread gradually swells and loses its distinct- 
ness till it finally disappears. 

ix. Oxalic acid causes the thread to swell and deform till it is reduced 
to granules. 

X. In phosphomolybdic acid the thread becomes curly, but further 
change is not visible. The action of picric acid is similar. 

XL Nitric acid* The cell shows opaque granulation that conceals the 
thread within* Strong nitric acid causes the thread to reduce to the 
granules though undissolved. The action of hydrochloric and sulphuric 
acid is similar. 

xii* In caustic soda (N/10) the cell swells, the thread loses its refrin- 
gency and distintegrates gradually into fine granules. 

xiii* Absolute alcohol (cold) does not dissolve the thread, though it 
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shrinks the thread a good deal. Hot alcohol, however, dissolves the 
thread easily. 

xiv. In ether the thread shows no remarkable change. The action 
of chloroform and benzol is similar. 

XV. Aceton causes the thread to swell and turn its contour irregular. 
In aceton occasional cells take an appearance like the bur of chestnut, 
with numerous, fine hair-like protuberances on the cell-surface (Fig. 2, w). 
Xylol has the same effect. 

xvi, Millon’s, biuret, or nynhidrin reaction is negative. 

From these reactions it is supposed that the linocytes contain some 
lipoid substance in relative abundance. 

5. Other cells free in the perivisceral fluid. In addition to the afore- 
mentioned elements, the perivisceral fluid contains detatched chloragocytes, 
peritoneal cells, and spindle bodies. Regarding the first two cells I have 
jio additional datum to the description found in my previous paper. The 
presence of spindle bodies in the body fluid of Annelida was described 
by Mrazek (1910). According to his description these bodies are hyaline 
and refractile, variable in length and form, usually of spindle-shape, always 
flat and plate-like, with a fibrillar structure. These are believed by Mrazek 
to be portions of the longitudinal muscle layer thrown off into the body 
cavity. I found spindle bodies in only one of about twenty worms (Fig. 

3), and they were essentially similar 
in shape and properties to those 
of Lingula, I failed to detect any 
genetic relation between the spindle 
bodies and linocytes, though these 
two cells are alike in the point 
that they possess more or less 
fibrillar structure. 

In the coelomic fluid which is 
yellow in colour there are certain 
cells known as eleocytes. That 
these cells are found in the worms 
which contain milky white body 
fluid is also reported by Benham. 
The characteristic feature of these 
cells, according to his report, is the presence of numerous, clear, colourless 
globules of oil, which crowd in the cytoplasm, md — unlike those recorded 



Fig. 3. Spindle bodies found in the coe- 
lomic fluid of an earth worm. ca. 1,200 x. 
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for Allolobophora - - are not limited to the periphery, but occur through- 
out the entire depth of the cell. Kindred (1929) gave no account on 
these cells of Pheretima indica, and the present author failed also to 
detect them in I)ramda, In the present investigation it is also difficult 
to distinguish the eleocytes from the lamprocytes. According to Benham 
the difference of the two types of cells is as follows : The eleocytes 
possess the cytoplasm filled with hightly refringent oil globules while that 
of the lamprocytes is occupied by numerous vacuoles, each of which 
usually contains a small, high refringent granules. I can not think that 
such difference is sufficient to distinguish the two kinds of ceils. For 
there is every transitional stage between these two types. This fact was 
recognized also by Benham himself. He noted that there is little doubt 
as to the relation of one to the other, though he wfis unable to say 
which of the two cells is derived from the other, or which is the earlier 
stage in the history. Benham recorded, on the other hand, the difference 
of behaviour of the two cells to chemical reagents. According to him, 
the globules of eleocytes are soluble in alcohol and ether, but insoluble 
in nitric acid and hydrochloric acid, while the granules of lamprocytes 
show just the reverse relation. In the present investigation all globules 
and granules were soluble in these reagents, as was already mentioned 
above. 

The body fluid is opaque white when fresh, resembling milk in a|>- 
pearance ; it very soon becomes coagulate, and in a few minutes hardens 
to form a dirty yellow mass. As was described by Benham in the case 
of acantholrilids, that hardened mass is so tenacious that it clogs scissors, 
sticks fingers together, and pastes a cover glass on the slide unremovably. 
By the microscopic observation of such mass there are found coelomic 
corpuscles which are deformed into a spindle shape by the compression 
of coagulated fluid (Fig. 4). The coagulated mass is stained intensely by 



Fig. 4. Coagulated body fluid, ca. flOOx. 


Weigert’s method of fibrin staining. It is possible to withdraw the body 
fluid with hypodermic syringe without exposing it to the air. The cover 
glass preparations are made with this fluid. In such preparation the fluid 
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will be kept for a while without coagulation, and the various coelomic 
corpuscles which are in suspense or movement will be seen in it. When 
alcohol is applied to the edge of the cover-glass, the fluid begins to 
coagulate, as soon as the arrival of alcohol, and turns to a dirty, opaque 
and hard mass. The coelomic corpuscles change themselves into a spindle 
or a ramified shape by the compression of the coagulated fluid. The 
coagulation of the fluid takes place also after the elimination of formed 
elements. It is evident, accordingly, that the coagulation of the fluid has 
no or little relation to the coelomic corpuscles, although some of them 
(chiefly lymphocytes and granulocytes) show the agglutination on the 
outside of animal body. Why some kinds of earth worms possess the 
coagulable body fluid while others have non-coagulable one? This ques- 
tion remains to be solved. 


SUMMARY 

1. The body fluid of Pheretima sitboldi contains four types of leuco- 
cytes; the lymphocytes, the granulocytes, the lamprocytes, and the lino- 
cytes. In addition to these elemements there are found occasionally 
chloragocytes, peritoneal cells and spindle bodies. The latter are essential- 
ly similar to those of Lingula. 

2. Lamprocytes contain large and small globules in various numbers. 
The former are fixed with corrosive sublimate and stained easily with 
various vital dyes while the latter disappear by the fixation with that 
chemical and are difficult to be stained with vital dyes. 

3. Linocytes, from the very young to the full grown, are seen in 
the peritoneal fluid. The threads of linocytes show som^ lipoid reactions. 

4. The coagulation of the body fluid is essentially due to that of 
plasm; namely the body fluid which contains no cellular elements is 
coagulable strongly. 

The author takes this opportunity of acknowledging the kindness of 
Dr. S. Hatai, who read and criticized the manuscript of this paper. An 
acknowledgement is also made to Mr. J. Ishikawa for his kind bestowal 
of the valuable material. 
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INTRODUCTION 

One of the most remarkable external appendages existing on the head 
of the fish is the barbel. There are found about 60 species in Japan of 
such fishes possessing this organ. Most of them are occupied by the 
cyprinoid fishes, catfishes and grenadiers. 

The fishes possessing barbels are generally bottom feeders of rath(»r 
sluggish habit and in some cases they are nocturnal feeders. The function 
of this organ serving as an external gustatory was shown by Herrick 
('02) in American catfishes. In my previous papers (Sato, '37a, b, c), 
the gustatory function of the barbels of Japanese goatfish and sea catfish 
was described, and it was then found that the barbels seem to be useful 
and important in the daily activity of such fishes. 

While the histological observations of the barbels are known through 
the works of Wright ('84), Herrick ('01), Olmsted ('20), May ('25) 
and Sato ('37a, c), no one, so far as I know, has attempted to make 
comparative observations on the structure of this organ. The purpose of 
the present research is to determine whether or not similar histological 
structure of the barbels exist in various kinds of fishes. 

The material used in this investigation was taken from the following 
localities : Simoda, Sagami, and Suruga Bays ; Lake Kasumigaura in 
Ibaragi-ken ; the Inozawa River near Simoda ; the 6sio River in Huku- 
sima*ken ; the Takase River in Kumamoto-ken. For fixation, Bouin’s 
and Zenker’s fluid, formol-Zenker and strong Flemming’s solution were 
tried. The sections were cut 10/^ thick, and were differentiated by the 
stains of widest application. 

Here I offer my sincere gratitude for the kind instruction and en- 
couragement given to me in this work by Prof* Dr. S. Hatai. And it is 
my pleasure to express my hearty thanks to Mr. Takanaga Mitsui for 
having given me facilities for excuting this investigation. 
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RESULTS OF THE OBSERVATIONS 

1. Pristiophoridae. 

Pristiophorus japonicus GOnther, the saw-shark, is found rather sparsely 
along the shores of Japan. The material for my investigation was obtained 
from Sagami Bay. Tins fish has the snout produced into a long flat 
blade, bordered on each side by a row of rather small sharp enameled 
teeth and is provided on each side with a grayish, unbranched barbel. 
This barbel is somewhat depressed dorso-ventrally and is about BO mm. 
long in the adult. 

This barbel is remarkable in the following characters : i. the dermal 
spines cover the surface of the epidermis; ii. the cutaneous taste buds 
are not distributed in the epidermis (Fig. 1). This dermal spine has its 
base in the dermal layer and raises to the outer surface of the epidermis. 
The epidermis consists of oval shaped epidermal cells, but the taste buds 
and mucous cells are not buried in it. At the central core of the dermis 
which is composed of connective tissue, is a rod of cartilage which streaches 
from the base of the barbel to its distal end. The nerve trunks and large 
blood vessels are found on both sides of this rod. 

2. Siluridae. 

This group has the skin naked or imperfectly mailed and the barbels 
on the head are well developed. The fishes belonging to this group are 
generally bottom feeders and seem to search for their food chiefly by 
dragging their barbels on the bottom. The following four species inves- 
tigated by me are similar in structure: Parasilurus asotus L.‘\ Pelteo- 
hagrus nudiceps (Sauvagb), Pseud(Aagrus auratUiacus (T. & S.), lAobagna 
reini Hilgendorf'\ The structure of the barbel of Liobagnts reini is 
here described as the representation of this group. 

This fish possesses eight barbels oh the head : the nasal and maxillary 
barbels each have one pair and the mental ones have two pairs. All bar- 
bels are similar in form and structure. The epidermis is composed of 
stratified epidermal cells among which the cutaneous taste buds, mucous- 
and club-cells (Kolbenzelle) are found (Fig. 2). 

The taste buds are flask-shaped, about 80 in height and about 40 p 
in maximum diameter. The buds are generally more populated on the 
distal parts of the barbel than .the proximal ones. Since the structure 

According to Atoda (^35), this M potsetsoi two pain of barbels in the adult stagee 
but in younger bears three pairs. 

^>lt is said that this iish lays eggs on the bottom of the dear itreanu and watches 
and protects them (Uchida, ^33. Zool. Magazin., 45). 
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FiR. 1. Transortion of a liarbel of Pristiophorus japonivus Gt3NTHER. XfiO. 



268 


M. 8AT6 


of the taste bud is essentially like that of American catfishes‘\ I may 
dispense with a description of it. 

The mucous cells develop fully in the upper half of the epidermis, 
and their distal end occupies the greater part of its surface, scarcely 

leaving space for the epidermal 
cells. They are elongated and 
contain the mucous substances 
which are stained deeply with 
Delafield's haematoxylin. 

The club-cells are elongat- 
ed oval in shape and are found 
sparsely among the epidermal 
cells. The inner structure which 
is surrounded by epidermis is 
quite similar with the Japenese 
sea catfish (Sato, '37c). A 
rod of cartilage occupies the 
center of the dermis, and large 
nerve trunks rest at the dorsal 
and ventral sides of this rod 
and stretch from the base of 
the barbel to its end, parallel 
with the rod. In its course, 
numerous side branches are 
given off through the connec- 
tive tissue, reaching to the 
base of the cutaneous taste 
bud. The blood vessels are 
also found in the dermis. 

3. Cobitidae. 

The loaches are small 
fishes, all less than a foot in 
length, mostly living in small streams and ponds, where they move like eels. 

I have not yet an opportunity to observe the other loaches avoiding 
Misgumus anguillicaudatus^ however, the other barbels also seem to 
show similar structure with that of the loach described here. 

Misgurnus anguillicaudatus (Cantor) is a widely distributed species 
in Japan and ten barbels are found about the mouth : six are on the 

Ofiill deicriptions were given by Hrriuck (^01), Olm«ti?:d (^20) and MXv ('26). 





Fig. 2. Cross section ot a barbel of Lio- 
bagnti reini Hjlgendorf. x 100, 
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upper jaw «fid four on the^ lower. 

Th* ^dexnriB of' tbe barbel is composed of oval-shaped epidermal cells, 
nmcaas aacfc taate buds. The structure was well described by Miyadi 
('29), I sbaD confine my remarks to the dermal part of the barbel. 

A cartilagious Tod rests at the center of the dermis, and numerous 
melanophores surround thi# rod. (Fig. 3). The smooth muscle layers cover 



Fig. 3. Cross section of a barbel of Misgurnus anguillicaudatus (Cantor). xlOO. 


these pigment cells, and the bundles of nerve fibers scatter in the connective 
tissue in contact with these muscle layers. In this barbel, however, the 
nerve bundles do not come together to a large mass as that of the cat- 
fishes and goatfish. The blood vessels and melanophores are also found 
in the connective tissue lying closely to the epidermis. 

4. Cyprinidae. 

The small barbels are found on the upper jaw of some species of this 
family. Among them, 1 observed the barbels of the following three 
species : Cyprinus carjrio L., Henubarbus barbus (T. & S.) and Paeudogobio 
esocam (T. & S.), and I found that all these barbels show a similar 
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in the structure with that of the carp described here* 

Cyprinus carpw^ the carp, is 
the most common fish among 
this family, prefering shaded, 
tranquil and weedy waters with 
muddy bottom. This fish pos- 
sesses two pairs of barbels on 
the upper jaw, in this respect 
the present species is a remark- 
able exception among the cypri- 
noid fishes. 

The most remarkable aspect 
in the structure of this barbel 
is the lack of a cartilagious rod 
resting at the center of the 
dermis (Fig. 4). This part is 
occupied by the blood vessels and bundles of nerve fibers. These nerve 
bundles divide in many small branches and reach to the bases of the 
cutaneous taste buds which are buried in the epidermis. However, the 
club- and mucous-cells are not found in the epidermal layer, so far as my 
investigation goes. 

5. Polymixidae. 

Polymixia japonica Steindachner is obtained from the rather deep 
water of southern Japan. This fish is plainly colored without red, having 
rather smooth scales, and at the chin are two long barbels which look 
remarkable like those of the family of Mullidae. However, the specialized 
feelers at the chin are different in their supporting bone and their struc- 
ture. In Polymixia, each barbel is suspended from the hypohyal; while 
in the goatfish, each barbel is suspended from the tip of a slender pro- 
jection of the ceratohyal. In the structure of the barbel, the following 
differences are also observed. 

The cutaneous taste buds buried in the epidermal ceils are not so 
large and abundant as that of the goatfish (Fig. 5). This organ is flask 
shaped like that of the carp and catfish, and less spherical than those 
found in the goatfish. Furthermore, the rod resting at the center of the 
dermis does not consist of cartilagious tissue, but it is composed of the 
striated muscle tissue mingled with <;onnective tissue. Among the dermis 
surrounding this rod, there are large nerve trunk and blood vessels, like 
that of the odier barbels. 



Fig. 4. Crojjs .neciion of a barbel of the 
carp. x90. 
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Though this barbel is different from that of the goatiish in its struc- 
ture, it seems to be necessary to the present fish in cognizing hidden 
food like the barbel of the goatfish (Sato, '37a, b). 

6. Haemulidae. 

Hapalogenys nigripmnis (T. & S.) is one species having the barbels in 
this family. Fishermen say that this fish lives in rocky sea bottom. The 



Fig. 6. Cross section of a barbel of PMymixia japonica Steikdachner. X 60. 


present fish possesses a large number of rather short, darkcolored barbels 
at the chin (Fig. 6). 

This barbel shows the structure similar with that of the carp. It does 
not have a cartilagious rod in the dermis, and this part is occupied by 
the connective ti^e which is rich in the interstitial substances (Fig. 7). 
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The blood vessels and pigment cells are also buried in the connective tissue 
closely underlying the epidermis^ among which the spindle shaped taste 

buds are found, but the mucous- 
and club-cells are not distributed in 
it. . 

7. Scorpaenidae. 

Apistus evolans Jordan & 
Stark is a disagreeable fish for the 
stings from its dorsal spines, which 
are provided with poison gland. 
This fish is a bottom feeder and 
remains most of the time quietly 
on the muddy bottom. 

Three barbels are found at the 
chin : one rests at the tip of the 
lower lip and other two exist on 
the each side of it. These barbels 
are about 10 mm. in the length 
and are without any colors. The 
structure of the barbel is akin to 



Fig. 6. Side view of the head of Hapalo- 
genya nigripennis (T. & S.), showing the 
barbelg at the chin. ca. x 1/3. 



n 


Fig. 7. Cross section of a barbel oi ' Hupalo§$ny$ nigHpennh* xlOO. 
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Kig. 8. Cross section of the barbel of Apiitun evolatu .1. & S. > 200. 

that of the loach, except that 
the mucous cells are not so 
numerous and the pigment 
(tells are not found in the 
dermis (Fig. 8). 

8. F’eristediidae. 

This is a group found in 
the deep water of southern 
Japan. The following descrip- 
tions are based on Peristedion 
amiscus Jordan & Stark 
obtained from Suruga Bay. 

This fish is a sea-robin, much 
depressed, with flat head, and 
a large number of barbels at 
the chin. Among these barbels, 
a pair at the corner of the 
lower lip is the largest and is 
provided with small barbels 
(Fig. 9),. 



Fig. 9. Ventral view of the head of Peri- 
iUtUm amiicus J. Sl S., showing the barbels at 
the lower lip. 
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The structure of the barbel (Fig. 10) is similar with that of the fore- 
going species. However, the cutaneous taste buds are rather small, about 
30 /i in height and about 20 in width, and increasing their numbers 
towards the side small barblets. 

P. orientale T. & S. and P. engyceras GOntheb possesses the barbels 
which are essentially like that of the sea-robin described above. 

9. Brotulidae. 

Brotula multibarbata T. & S. inhabits in the sea of southern Japan 
and seems to belong to the bottom feeders. This fish resembles the sea 
catfish in external form, but it does not aggregate in one group and is not 
provided with any poisoned spines. Twelve barbels are found about the 



"d 

Fig. 10. Cross section of a barbel of Peristedion amUcua, xlOO. 


mouth : the nasal barbels have one pair,- maxillary with two pairs, and the 
mental have three pairs. These barbels are about 15 mm. in length in a 
specimen about 350 mm. long and are tinged with brown. This barbel is 
akin to that of Apistus evolans described above in its structure, but the 
cutaneous taste buds are found more abundantly in the epidermis. 

10. Gadidae. 

I have examined the barbel of P/iystculus yapontctis Hilgenoorf which 
is a codfish with a small barbel at the tip of the lower lip. The struc- 
ture of this barbel exhibits no. remarkable deviation from that of the 
foregoing species, Brotula. 

1 1, Macrouridae. 

This group generally comprises the deep-sea fishes, and is usuaOy large 
in size, with rough and spinous scale, dull gray or black in color. Head 
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is f()rm(‘d much as in the codfishes, hut the snout fre(|u<»ntly projects more 
or less beyond the mouth. A barbel is usually fount! at the symphysis 
of the lower* jaw. 



Fig. IJ. Transection through the cutaneous taste burls which are buried 
among the epidermis of a barliel of (hrlorhynchus jopnnicvs 'F. ifi S. 

I observed the barbel of Coelorhynchus japonicus & S. which was 
obtained from Sagami Bay. This barbel is akin to that of the above 
mentioned codfi.sb in its structure. However, the cutaneous taste hiuls 
are not set directly on the dermal papillae, but are separated from them 
by several layers of cells of the lower layers of the skin (h"ig. 11). 

SIJMMAKY AND CONC LUSIONS 

1 observed the structure of the barbels of 18 species belonging to 11 
families in this paper. From these results described in my present and 
previous reports (Sato, '37a, c), the barbels investigated may be summa- 
rized as follows : 

I Grou;). the epidermis lacks the cutaneous taste biub. PertHiopharus 

japnnicus, 

II Group, taste buds buried in the epidermis. 

A. a rod of cartilage does not rest at the dermis - carp type. 

Cyprinus carjno, Hemibarhus borbvs, Pseudof^nbio esocinus, Hapaloge- 

nya nignprnnis, 

B. a rod of cartilage rests at the dermis. 

i. catfish type - Parasilurus asotus, Peltpohagrus nudiceps, Ps^eudo- 
bagrus auranticus, Lmbagrtis reini, Ploiostts anguil laris. 
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ii. goatfish type Upeneoides bemasi. 

iii. loach type Misgurnus anguillicaudatus, Apistus evolans, Peri- 
stedion amiscusy P, orieniale, P. engyceras, Bortula multiharhata, 
Physicultis japonicus^ Coelorhynchus japonicus. 

C. a rod resting at the dermis consists of striated muscle, Polymixia 
type — Polymixia japonica. 

As summarized above, the saw-shark is a remarkable exception in the 
respect that the taste buds are not found in the epidermis of the barbel. 
Accordingly, it is uncertain whether this barbel serves as an organ to 
recognize the food. But, I am inclined to think that the barbels belong- 
ing to II Group may function as an external gustatory organ. Because, 
these barbels are different in the structure of dermal parts, l)ut are almost 
similar in the structure of the epidermal part, among which the cutaneous 
taste buds are buried. And it may be concluded that the barbels of 
the fishes belonging to the same family show a similar pattern in their 
structure. 
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ABBREVIATION 

b. blood vessel. 

c. a rod of cartilage. 
cc, club-cell. 

d. dermis, 

ds. dermal spines. 

e. epidermis. 


OF LETTERS 

m. melanophores. 
me. mucous cells, 
ml, mu.scle layer. 

mr. a rod consisted of striated musedes. 
n. bundles of nerve fibres, 
tb. cutaneous taste buds. 
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The present paper constitutes a part of a series of papers dealing 
with the effect of chemicals and drugs upon the ciliary movement. The 
main purpose of studying the effect of these substances is to find, if 
possible, a clue for the physiological analysis of the mechanism of the ciliary 
movement Substances having known chemical and physiological effects 
upon the vital processes will be used. 

The movement of cilia has often been compared with that of the cardiac 
muscle, but the mechanism of the former is not being intensely studied at 
present, while the latter is the subject of innumerable investigations. Some 
of the drugs that will be used in the present experiment are important 
and are attracting the attention of biologists from various points of view, 
especially, for instance, from the viewpoint of the theory of neurohumor, 
which is being established on broader and broader grounds of facts which 
are rapidly increasing. 

The distribution and the physiological significance of these substances 
have been studied mainly in Vertebrates, but some of them are found and 
have been studied also in certain Invertebrates, as will be mentioned later. 
These substances are believed to be secreted by nerve endings and play an 
impmtant rdle in transmitting the nerve impulses from the nerve to the 
Rector. The problem is, therefore, important and interesting not only 
from the viewpoint of the physiology of ciliary movement, but also from 
the viewpoint of comparative and general physiology. A review of the 
Ikerature on the subject and a discussion of the problem will be given at 
greater length under the heading of comparison and discussion. 

MATERIAL AND METHOD 

The . paterial used in this and subsequent experiments is Uie excised 

from the OoMUMWilnnicd Institute of tho TMidkii Imporiol UnivoniUr, 
Onagswp, K«d, 
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gill tissue of the oyster, Ostrea gigas Thunberg. One of the shell valves 
was removed from the animal with an oyster knife, care, being taken not 
to injure the gill, and the gill laminae were cut with a pair of fine 
scissors, close along the line of attachment of the latter to the body, and 
were placed in a Petri dish containing sea-water. The gill at first may 
be covered with foreign matter entangled in the mucous secretion of the 
animal. On being allowed to stand for some time in the clean sea- water, 
however, the tissue gradually gets rid of the adhering matter, and may 
begin to crawl, so to speak, in the container. This is due to the counter 
action of the ciliary current caused by the movement of cilia over the 
surface of the gill tissue. 

Differentiation and arrangement of cilia in the gill vary according to 
the groups or species of lamellibranchs, and have been .studied by many 
investigators. The works of Pelseneer, Rice and Ridewood among others 
may be referred to in this connection, and I too have pointed out in an 
earlier paper the phylogenetic importance of the structure of the gill in 
Pecten yessoensis Jay. In the present paper, it is sufficient to note that 
the surface of the gill lamina is covered with ciliated epithelium and that 
the current is caused by the movement of the cilia over its surface. When 
the gill is excised and cut into pieces of proper size and form, the pieces 
proceed almost in a straight line. In our e)(periments, the gill piece was 
made oblong, a few millimetres on each side. The gill lamina is plicated, 
and cilia are arranged along the plicae, and the effective sU'oke of the ciliary 
motion takes place paraUel with the plicae from the dorsal side to the 
ventral free margin of the lamina. Mucus and foreign substances may 
adhere to the gill tissue at first, as has been mentioned above, and the 
ciliary movement is more easily observ^ when this adhering matter is 
removed, and carried away by the current. The gill pieces, prepared as 
mentioned above and placed in a Petri dish, were kept in an ice-box over 
a night or two, but were taken out some hours before the experiment. 
The ciliary movement of such preparations is very active at room 
temperature and could satisfactorily be used for experiment. Such pre- 
parations could be preserved for many days in the ice-box and used for 
experiments, although preparations kept in the ice-box for only one night 
were prefeired in the present work. Only healthy tissue was used and 
any irregularities of structure were rqected, as the gill structures of 
bivalves often indicAte that they have undergone injury and regenerative 
processes. ‘ 

In the mcperiment, the gHI piece thus {nrepared is allowed to craad 
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in a glass tubing, which we provisionally call a “ measuring tube ’’ (fig. 1). 
This forces the gill piece to crawl in a straight line and prevents any 
deviation from the straight line, that may occur owing to any asymmetry 
of the preparation. The gill piece proceeds with the ventral margin in 
front at a quite uniform velocity as long as the conditions remain 
unchanged. The tube was graduated in millimetres, and the velocity of 
the progress of the gill piece was measured by reading the scale every 
minute, as a rule, at the graduation which the front margin of the gill 
piece was passing. The velocity of the gill piece in the measuring tube 
with normal sea- water was taken as 100 per cent, and the velocity of the 
same gill piece in the experimental solution was expressed in percentage 
of the normal. Any slight disturbance, mechanical, chemical or any other, 
interferes with the velocity and should be avoided as far as possible. 
The transfer of the gill piece from the normal sea-water to the experi- 
mental medium could not therefore be performed with a spatula or with 
any other instrument, and consequently was a matter of difficulty. To 
overcome this, we have devised various types of measuring tubes. The 
one used in the present study was as is shown in fig. 1, 



Fig. 1. A: Meaauring tube of ciliary movement. The tube is graduated in milli- 
meters, the Brsi arm of the tube has graduations 0 to 500 and the second arm 500 
to 1000. B: position of the cock allowing the entrance of the gill piece from the 
first arm. C: position of the cock allowing the entrance of the gill pieCe into the 
second arm. 

The tube consists of two arms, joining with each other at a right 
angle at point provided with a well ground glass cock. The bore of 
the cock, about one centimetre, is equal to that of the arms of the tube, 
and allows Ae gill piece to slide smoothly in and out of the cock, other- 
wise the unevenness of the bottom surface of the tube would hinder 
smooth progress of the gill piece. In the experiment, the first arm of the 
<i6, contains normal sea-water and the second arm be contains the 
experimental ^lutkm, unless otherwise mentioned. When the gill piece 
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alters a different medium or is transferred, the velodty of the gill piece 
is disturbed for a short time, but the tissue comes into equilibrium with 
the medium in a short time and shows a quite uniform velocity. But 
the vdocity in the first part ot the arm may not be dependable in dl 
cases and should be discarded, as a slight change of medium conditions 
may affect the velocity. The first arm of the tube was graduated from 0 
to 500 and the second arm from 500 to 1000. Each arm has, moreover, 
some distance of ungraduated part, in orda that Uie tissue may come into 
equilibrium with the medium before the velocity is measured. It should 
be kept in mind in reading the tables, when the course of the gill piece 
is repeated in one of the arms, that the readings of the scale between 0 
and 500 refer to the course of the gill piece in the normal medium, t. e., 
sea>water, and that those between 500 and 1000 refer to the progress of 
the piece in the experimental solution, unless otherwise mentioned. The 
gill piece crawls on the bottom surface of the tube and any slight roughness 
of the bottom may interfere with the velocity, so the latter for each minute 
fluctuates, but it is quite uniform when averaged for a sufliciently long 
distance. The availability of the velocity of die gill piece crawling in the 
measuring tube as the measure of the ciliary activity was carefully worked 
out in our previous papers (Nomura and Tomita 1933; Tomita 1934 
a & b), and for details of the method the reader is referred thereto. 
The main point of modification of the method in the present study is 
that the tube is provided with a cock at the junction of the two arms 
and the gill piece is allowed to proceed without interruption through the 
cock from the normal medium to the experimental stdution, thus mini- 
mizing the mechanical disturbance that is othowise unavoidable. When 
the gill piece crawls in the first arm of the tube, the cock is open to 
the first arm as is shown in position B in fig. 1, and when the piece 
has entered the cock, the latter is gently turned and opened to the second 
arm, position C, so that the piece can crawl out smoothly. 

The adrenaline solutions were made whenever possible immediately 
before using, as the freshness of the solution was an indispensable factor 
of the experiment. ‘Adrenaline rapUly undergoes oxidation in solution, 
especially in alkaline reactions, and may give the solutioa a red tint when 
it is concentrated enoufld)> due . to the oxidation product The original 
solution of adrenaline used in this study was a commercial preparation of 
l-adrenahne dtloride (l*o<^ibxyphei^-ethanol<-methylamine chloride) of the 
concentration of 1 part in 1000, (10“‘), supfdied by Sankyo Co., Tokyou 
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EXPERIMENT 

Three series of experiments with adrenaline and acetyhcholine were 
carried out in different seasons. In the present papar, experiments with 
adrenaline are reported, and those with acetyl-choline will be given in 
our next paper which will follow shortly. The results are given in the 
form of tables and figures and the main points may be understood therein, 
but a few points will be explained briefly in the text. 

Experiment Ser. /, No. 1. (Table 1) Adrenaline 10'*. 

In this experiment, both the first and the second arms of the measur- 
ing tube were filled with normal sea-water at first, and the normal velocity 
of the gill piece was determined in three courses, the first cour.sc in the 
first arm, the second course in the second arm, and the third course 
again in the first arm. The repetition of the course was made by turn- 

Table 1. 


Experimftit Ser. 1, No. 1. Adrenaline 10^'^ 

Temperatu e 24^9*■^25^6 C. 


Normal sea-water 

Adrenaline 

Time 

Scale 

Time 

Scale 

Time 

Scale 

Time 

Scale 

mifi. 

mm. 

mtn. 

mm. 

min* 

mm. 

min 

mm. 

0 

30 

20 

532 

0 

10 

13 


1 

55 

21 

671 

1 


14 


2 


22 

601 

2 


15 

536 

3 

105 

23 

644 

3 


16 

567 

4 


24 

684 

4 

177 

17 

6><9 

5 

153 

25 


5 

219 

18 

608 

« 


26 


6 

267 

19 

631 

7 


27 


7 

296 


651 

8 


28 


8 

335 

21 

676 

9 


29 


9 

369 

22 

694 

.10 

303 

30 

905 

10 

403 

23 

714 

11 

338 

SI 

942 

11 

4.W 

24 

733 

13 

U 

15 

18 

365 

397 



12 

47» 

25 

752 

Average 

87.2 

26 

771 

Average 

88.« 

4*>3 

m 


27 

28 

29 

789 

808 

828 





Avereee 88.1 



848 

Average 

a.is 





31 

32 

869 

890 







33 

911 







34 

929 







35 

953 







36 

974 







' 37 

OOA 

WO 


^5 





Average 

20.8 







Scale for first arm 
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ing the cock of the tube or by the transfer of the gill piece from the 
end of the second arm to the beginning of the first arm. 



Time in minutes 


Fig. 2. Exper. Ser. I, No. 1. Adrenaline The first three lines (normal* 1, 

2 and 3) represent the three successive travels of the gOl piece in the normal sea 
water* and the fourth line that in the adrenaline solution* showing distinct depressive 
effect. OrdimUea: reading of the scale of the measuring tube traversed by the gill 
piece. Absciaae : experimental time. Upper figures refer to the first two courses and 
the lower figures to the others. 

The cprves obtained by plotting the readings of the scale against time 
are nearly parallel with each other. The first normal course shows a con- 
siderably lower velocity than the following two normal courses. This is 
perhaps due to the insufficient period of time allowed to enable the gill 
piece to come into equilibrium with the experimental temperature, aftser 
being taken out of the ice-box. The second and the tiiird courses, however, 
show that the velocity of tlm gifi piece is quite uniform. After the 
third course in the first anq of tiie tube, the sea-water in the second 
arm was replaced with tiie adrenalihe solution, the concentration of 
which is one part of adrenaline in 10^ parts norinal sea-water. The gSl 
piece was allowed to crawl in this solution and the vriodty of crawl was. 
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decreased from 39 mm/sec. to 20.9 mm/sec. (54.8 9^). The solution at 
the end of the experiment showed a slight coloration due to the oxidation 
product of adrenaline in the sea-water. The average velocity in the first 
course was rejected, and the second and third courses gave an average 
normal velocity of '38.1 mm/sec. The velocity in the first course in the 
adrenaline solution is 20.9 mm/sec. and this corresponds to 54.89^ of the 
average normal velocity. The heavy letters in the tables are the main 
figures used in computation or the resulting figures. The result of this 
experiment clearly shows that adrenaline depresses the ciliary activity of 
the oyster gill, the depression amounting to 45.29^ of the normal. 
Experiment Ser. /, No. 2. (Table 2) Adrenaline 10~\ 

The reading of the scale of the tube was begun when the gill piece 
passed the 10 mm. mark. The ciliary motion was very active and the 

Table 2. 


Experiment Scr. I, No. 2. Adrenaline 10 

Temperature 26.0^25. 6°C. 


Normal sea-water 

Adrenaline 

Normal sea-water 

Time 

Scale 

Time 

Scale 

Time 

Scale 

min. 

mm. 

min. 

mm. 

min. 

mm. 

0 

10 

11 


45 

553 

1 

60 

12 


46 

589 

2 


13 

528 

47 

626 

3 


14 

553 

48 

666 

4 


15 

561 

49 

706 

5 

261 

16 

565 

50 

747 

6 


17 

565 

51 

786 

7 


18 


52 

823 

B 


19 

572 

53 

860 

9 


20 

573 

54 

898 


493 



55 

56 

933 

970 


Average 

6.4 


e.8 




22 


Average 

87.9 




23 

24 

732 

Recovery 



25 






26 






32 






33 

739 





34 

no9 





35 

709 



i' 


complete depression 

« displaced 
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{tiece traversed the ivhQh» course of the first arm ia tee nywitest shoninif 
ao average velocity of 48-3 mm/sec. The piece piu^^ the cock and 
entered the adrenaline solutwn in shout 11 minutes. TTie velocity »»• 
mediately decreased and complete stoppage ensued in a few minutes {Fig, 3). 
When the cilia beat very feebly, the gill piece can not crawl, so coni" 
plete stoppage of the locomotion of the gill piece does not always mean 
the complete stoppage of the ciliary beat. The piece may sometimes 
proceed if aided, when the ciliary beat is not too feeble. So the tuba 
was inverted to aid the piece to move if possible, and the piece was 
transferred to the 732 mm. mark (see arrow in the figure), but it remained 
there motionless, and further displacement (see arrow in the figure) could 
not bring about any furthm* progress. 



Fig. 3. Exper. Ser. 1, No. 2. Adrengliao ProgroM in the noimal 
sea-water is represented hy a straight line« that hi the adrenaline solution 
shows prompt decrease and subsequent conuplete stoppage. Arrows indicate 
displacement of gill piece to gid ppssihle progress by residual ciliaty move- 
ment. Other explanations as in #e precedh^lt 6gure. 

Then the adrenaline solution waa replaced with frerii normal sea"watw 
and die tissue piece raeovered greatly <iii a few minutes. The experiment 
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proVM, therefore, that the progress of the gill tissue is completely de- 
pressed in sn adrenaline solution of a concentration of 10"*, and it also 
shows prompt and almost perfect recovery in ntwmal sea-water. 

Experimtwt Ser, I, No. 3. (Table 8) Adrenaline 2 x 10"*. 

In this experiment, the ciliary progress of the gill piece was completely 
itet^ied after 10 minutes in adrenaline solution, but it was resumed after 
displacement. Whether the stoppage was due to an obstacle in the tube, 
or whether recovery was due to inactivation of adrenaline in the lapse of 
time was tested in the next experiment. Even after recovery of the pro- 
gress, the velocity was decreased to 80^ of the normal. But it should 
be noted &at the velocity was rising near the end of the experiment and 
exceeded the normal. The velocity at the beginning of the experiment was 
rather decreasing, and in the adrenaline solution decreased and fell to zero, 
and then rose again after being aided. Whether this is an anomaly, or 
recovery by acclimatization, or whether the supernormal velocity near the 

Table 3. 


Experiment Ser. 1, No. 3. Adrenaline 2x10 « 

Tem|)erature=26".5--2r.l C 


Normal sea<water 

Adrenaline 

Time 

Scale 

Time 

Seale 

1 Time 

Scale 

min. 

mm. 

min. 


mtn. 

mm. 

0 

0 

23 


41 

*756 

1 

31 

24 


42 


2 

64 

25 


43 

771 

3 

93 

26 


41 

784 

4 

125 

27 


45 

794 

5 

150 

28 


46 

798 

6 

176 

29 


47 

814 

7 

201 

30 

561 

48 

834 

8 

225 

31 

588 

49 

855 

. 9 

851 

32 

013 

50 

877 

10 

274 

33 

638 

51 

903 

a 

296 

34 

655 

S2 

930 

18 

314 

35 

670 

53 

959 

18 

14 

333 

349 

36 

37 


54 

985 



18 

309 

38 


Avmge 

17.6 

18 

363 

39 


C«N) 

fl- 

it 

39t 

413 

40 








18 

10 

430 

446 

complete deproition 



81 

471 

486 



* displiM^ed 


I 
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end of the experiment is a pfaenon^non, such as is often the case in 
recovery from the effect of narcotics or drugs, remains a problem. 

Experiment Ser, /, No* 4. (Table 4) Adrenaline 2 x 10“**. 

In the preceding experimertt, the gill piece resumed progress when it 
was displaced. It is possible, therefore, that the depression of the 
ciliary motion may haVe been incomplete and feeble ciliary movement 
may have been going on without actual progress of the gill piece, and 
the progress became actual again when the piece was aided, or that the 
oxidation of the adrenaline gradually proceeded and the effect of the 
solution so decreased as to allow the tissue piece to progress. The 
adrenaline solution used in this experiment was the same that had been 
used in the preceding experiment, but the gill piece was a new one. 
In this experiment, we tried to test the efficiency of an adrenaline solution 
that had been once used and that was about one hour old after prepara- 
tion at the beginning of the experiment. In normal sea-water the velocity 
was 47.2 mm. /sec. and decreased to 37.4 mm./sec. for a few minutes, in 
the adrenaline solution, then the piece encountered at 20 min. the gill 
piece of experiment 3 that was coming back on the reverse course, and 
they crossed over each other. The later progress of the gill piece showed 
an average velocity of 32.8 mm./sec. (t9.496). This experiment shows, 
therefore, that the adrenaline solution in the concentration of 2 x 10“® is 
sufficiently effective even after being once used to produce about a 30 


i Table 4. 

Experiment $er. ll No. 4. Adrenaline 2xl0~* 

Temp.-2r.l C. | 


Normal sea-water 

Adrenaline 

Time 

Scale 

Time 

Scale 

Time 

Scale 

min. 

mm. 

min* 

mm. 

mtfi. 

mm. 

0 

0 

u 


22 

880 

1 


! 12 


23 

866 

2 


! 13 


24 

900 

3 

149 

1 

637 

25 

931 

4 

198 

1 15 

676 

26 

962 

5 

248 

1 10 

, 6n 

27 

994 

6 

296 

340 

387 

427 

17 

1 18 
( 19 

i 647 

686 

724 



7 

S 

9 

Average 

j».8 

10 

m 

Average 

*tr.i 



Average 

17.« 


' * ’■ 

*aa6 texty 
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decrease in vdocity. The complete stoppage in the preceding experiment 
might be, therefore, a transient phenomenon. 

Experiment Ser. /, No. 5. (Table 5) Adrenaline 2 x 10 ^ 

The velocity in the normal 

sea-water is quite uniform at the Table 5. 

beginning and at the end of the Experim^sTTiTN^B. 

course, averaging 38.9 mm/sec., Adrenaline* 2 xio " 

and the plottings of the curve fall Temperature *-26".9'-26"C 

into a nearly straight line. In 
the adrenaline solution, the velo- 
city was decreased slightly at 
first, then more decidedly near 
the middle of the course, as 
is represented by the two lines 
that join each other near the 
middle of the course. The 
average velocity in the adrenaline 
solution is 30.1 mm./sec., and 
corresponds to 77.396 of the 
normal. The depressing effect 
of adrenaline is quite evident and 
is far beyond the limit of experi- 
mental errors. 

Experiment Ser. /, No. 6. 

(Table 6) Adrenaline 2 x 10'". 

In the normal sea-water the 
velocity tended somewhat to decrease, but on entering the adrenaline 
tolution the velocity gradually increased up to 48 mm./sec. (Table 6, 
second column). The age of the solution after preparation was not recorded, 
mid whether the increase in the adrenaline solution was the temporary effect 
of low. concentration of the substance, as may often be the case with other 
substaiices which are characteristically depressive, or whether the accelerative 
effect here observed is the characteristic action of adrenaline remains to 
be determined in further experimente. The gill preparation, dierefore, was 
retorhed to die beginning of the first arm of the measuring tube after 
it had fini«hed the course in the adrenaline solution in the second arm 

the tube. In handling, the piece shrank somewhat and remained 
quite motionless for a moment, but then regained movemeitt and proceeded 
tO;.>iiie aeeond ^eourse in the normal sea-water in the first arm of the tube. 
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The velocity in this course was 37.6 mni./8ec.. The seoeaid um ai dw 
tube was filled with a freshly made adrenaline sohitioa, and dieif^ ldeoe 

Table 6. 


Experiment Ser. I, No. 6. Adrei.aliiie 

Temperature 28°.3^28'‘.4 C. 


Normal »ea«water 

j(Vdrena1ine 

Normal sea* water 



j Adrenaline 

Time 

Scale 

Time 

Scale 

Time 

Scale 

Time 

Scale 

mtn. 

mm. 

min. 

mm. 

mm. 

mm. 

min. 

mm. 

0 

0 


15 


30 


55 


1 

45 


16 


31 


56 

530 

2 

89 


17 

529 

33 


57 

563 

3 

132 


18 

567 

34 


68 

597 

4 

173 


19 

607 

36 


99 

6:^3 

5 

212 


20 

646 

36 


60 

667 

6 

251 


21 

684 

37 

25 

61 

6W8 

7 

290 


22 

727 

38 

60 

62 

732 

8 

330 


23 

772 

39 

96 

63 

767 

9 

369 


24 

821 

40 

185 

64 

802 

10 

406 


25 

869 

41 

176 

65 

835 

11 

445 


26 

914 

42 

215 

66 

869 

12 

481 


27 

962 

43 

255 

67 

904 

13 



28 


44 

. 296 

68 


14 



29 


45 

46 

333 

369 

69 









Average 

40 0 

Averaga 

48.8 

47 

403 

Average 

84.0 


(100?i)» 



(108.8^)* 

48 

440 

(88.0«)* 





49 

477 

c 

».4j«)»* 






Average 

87.6 

aoo«)** 




88 . 8 ( 100 ?^)^ 


in this solution shewed an average velocity ol 34.0 mm./see. (90.494). 
The figures in Table 6 marked with die same number of asterisks cor- 
respond to each other respectively. For iBstance» die average vdodty 
34.0mm./sec. (90.494) in the fourth ecdomnof the table marked with tvm 
asterisks (««) refers, to the average in die dtird d^nn. 37.6tmiL/tec., as 
die normal (10094). The aocetorative <#ect observed in die second o^Mn 
of the table (108.294) seems, dierefore, to be an eEpcrimentdi eerer or non* 
specific action of adrenaline, jjndged from die second trtal givm in dm 
dnrd and fourth etdomns of dm table end from odwr ndiaeqaeiit «9 G|w 4 
ments. 

EKptriment Ser. /, No. 7. (Table 7) AdienaUim 4x10-*. 

. The vdqeity in the normal aea*water was 4Umiii</Bee. on an av«ai§ 
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Mid that in die adrenaline solution was 38.4 mm./sec. (92.09^). The gill 
piece was allowed to make the reverse course in the adrenaline solution 
(note that the reading of the scale is decreasing), and the speed was found 

Table 7. 


Experiment Ser. I, No. 7. Adrenaline 4x10“ 

Temperature = 26*.7— 26®C. 


Normal sea-water 

Adrenaline 

IIIIIQQSSIliil 

Normal sca-wttter 

Time 

Scale 

Time 

Scale 

Time 

Scale 

Time 

Scale 

min. 

0 

mm. 

100 

min. 

13 

mm. 

min. 

30 

mm. 

Reverse 

min* 

41 

mm. 

1 

151 

14 


31 

course 

42 

478 

2 

196 

15 

525 

32 


43 

— 

3 

242 

16 

563 

33 

747 

44 

403 

4 

284. 

17 

602 

34 

708 

45 

369 

5 

822 

18 

639 

35 

673 

46 

333 

6 

SGS 

19 

676 

36 

637 

47 

298 

7 


20 

714 

37 

597 

48 

— 

8 

434 

21 

752 

38 

656 

49 

226 

9 

10 

11 

12 

Average 

41.7 

22 

23 

24 

25 

26 

27 

28 

29 

Average 

fooxSsotS j SSdiS 

I 

39 

40 

Average 

516 

88.6 

50 

Average 

193 

35.6 

C86.8?0 


to be almost the same as in the preceding course, i. e., 92.3^. But the 
piece on entering the first arm and traversing the normal sea-water, further 
decreased in velocity down to 85.39^ of the original normal velocity, 
"niis does not seem to prove that the effect of the adrenaline solution is 
accelerative, but, on the contrary, the decrease in the normal sea-water 
probably was the after-effect of the adrenaline solution, in which the gill 
piece had been exposed for about half an hour. A wash-out effect (A. J. 
Clark, p. 193) is a similar phenomenon and is referred to in a sub- 
sequent page. This experiment also seems to have proved the inhibitory 
effect of adrenaline upon the ciliary activity. 

Experimmt Ser. //, No. 10. (Table 8) Adrenaline 2 x 10"*. 

3he otlwr experiments of diis series, having been devoted to the effect 
«f acelyl-chdine and eserine, are omitted in this paper. In this experiment 
! with adrenaline^ the vdodty at first was about 30 nun./sec. and 38 mmVsec. 
# end d ^ course, averaging about 34.5 mm./sec. On entering the 
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Ta ble 8. 

Experiment Ser. ilTFJb. 10. £irenaline 2x10"" 
Temperature == 2rC. 



adrenaline solutiori, the piece 
showed 39 inm./8ec. but the 
velocity promptly decreased, and 
in the second minute in the 
adrenaline solution the velocity 
fell to 33 mm./seCe, and continued 
falling down to 21 mm./sec. for 
the last six minutes. The 
average for the course in the 
adrenaline solution is 24.8 
mm/sec., which amounts to 71.8?^ 
of the normal. 

The inhibitory effect of 
adrenaline was clearly proved. 

Experiment Ser. Ill, No. 1. 
(Table 9 a & b) Adrenaline 
10 -’". 

This scries of experiments 
was mostly devoted to the study 
of acetyl-choline. The present 
experiment with adrenaline was 



0 ^ 10 4^ SO Tima in Biiaiitea. 


Fig. 4. Exper. Ser. II* No. 10. Adrenaline 2xl0“‘>. Gradual decreaie in velocity and 
■ubeequent untform velocity in equilibrium with the medium. Depxemion: 
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Table 9, a. 


Experiment Ser. Ill, No. 1. Adrenaline 10 

Temperature ^24°.7'^25*.6 C. 


Normal aea-water 


Normal sea*water 

Adrenaline 10“ 

Time 

Scale 

Time 

Scale 

Time 

Scale 

Time 

Seale 

min. 

mm. 

min. 

mm. 

min. 

mm. 

min. 

mm. 

0 

0 

17 


0 

0 

14 


1 

32 

18 

530 

1 

38 

1.5 

.517 

2 

66 

19 

562 

2 

78 

16 

558 

3 

102 

20 

596 

3 

120 

17 

599 

4 

136 

21 

633 

4 


18 


5 


22 

673 

5 

201 

19 

682 

6 

209 

23 

710 

6 

240 

20 

722 

7 

244 

24 

741 

7 

. 280 

21 

759 

8 


25 

781 

8 

318 

22 

796 

9 

312 

26 

819 

9 

3.53 

23 

829 

10 

347 

27 

859 

10 

389 

24 

866 

11 

377 

28 

895 

11 

428 

25 

9or> 

12 

408 

29 

934 

12 

468 

26 

945 

13 

444 

30 

976 

13 


27 

981 

14 

478 







15 

Average 

87.1 

Average 

89.0 

Average 

88.6 

16 





(100^0 


(98.9%) 


Average 84.1 

II 


Table 9, b. 


Experiment Ser. Ill, No. 1, (contin.) Adrenaline 

Temperature 24.‘*7-^26®C. 


Adrenaline 


Normal sea- water 

( Normal sea-water 

Time 

Scale 

Time 

Scale 

Time 

Scale 

Time 

Scale 

min. 

mm. 

mill. 

mm. 

min. 

mm. 

min. 

mm. 

30 

547 

46 

531 

0 

500 

18 

568 

31 

687 

46 

571 

1 

524 

19 

609 

82 

625 

47 

611 

2 

548 

20 

648 

33 


48 

651 

3 

672 

21 

688 

34 

703 

49 

689 

4 

601 

22 

727 

35 

741 

60 

728 

5 

630 

23 

768 

36 

778 

51 

766 

6 

659 

24 

809 

37 

818 

52 

805 

7 

688 

25 

849 

38 

39 

855 

893 



8 

9 

721 

26 

888 

Average 

88.1 

754 

27 

928 

40 

930 

(IW.2^) 

10 

789 

28 

965 

41 

968 


11 

823 





860 

Average 

88.7 



12 






ffi.e 

!ca. 1 hour in 
adrenaline solution 

13 

14 

15 

QO 

(M1.75«) 





Average 

81.1 




i, ’>•' . 



C80.5?«) 
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begun within two hours after the gill preparations were taken out of 
the ice-box, in which they had been preserved. So the velocity of the 
gill piece was low at first, 34.1 mrn./sec., but gradually increased in the 
second trip (second column of Table 9, a) to 87.1 mm. on an average, 
and then the same gill piece was returned to the beginning of the first 
arm of the measuring tube after an interval and the normal velocity 
was again measured. It rose to 39.0 mm./sec. and seemed to remain 
uniform, so this velocity was taken as the normal (1009^) and the 
subsequent course in the second arm of the tube with the adrenaline 
solution was measured. As the concentration was very low, the effect 
was very slight or nearly approached the limit of errors (98.996). Then 
the gill piece was returned to the starting point of the second arm, and 
was allowed to repeat the trip twice in the adrenaline solution (first 
and second columns of the Table 9, b). The effect was not distinct. 
After this the piece was allowed to remain in the adrenaline solution 
for about one hour, and the tissue somewhat expanded. On transfer 
to the normal sea-water, however, the tissue shrank and remained motion- 
less for a short time, but recovered and the velocity progressively 
rose to 37 or 38 mm./sec. near the end of the course in sea-water 
(averaging 31.4 mm./sec. ; 80.596) (Table 9, b, third column) and the 
recovery was perfect and rather supernormal activity (average 39,7 

mm./sec.; 101 .7 96 ) was observable 
Table 10. in the second course in the 


Experiment Series III, No. 2. 

Adrenaline 10 
Temperature 26“C. 


Normal sea-water 

Adrenaline 

Tirat? 

Scale 

Time 

Scale 

min. 

mm. 

mtn. 

mm. 

0 

0 

12 


1 

40 

13 

611 

2 

81 

14 

664 

3 

122 

16 

613 

4 

164 

16 

660 

6 

206 

17 

709 

6 

253 

18 

767 

7 

297 

19 

804 

8 

343 

20 

849 

9 

391 

21 

894 

JO 

438 

22 

940 

11 

483 

23 

966 

Average 

48.8 

Average 

47.1 

(187.8?^) 


normal sea- water. Probably this 
concentration, 10"'", may be the 
limit of the. effective concentra- 
tion of adrenaline on the oyster 
gill cilia, as far as the present 
method is concerned. The 
temporary accelerative tendency 
ought not be considered a$ the 
qiecific effect of the drug. 

Experiment Set. Ill, No. 2. 
(Table 10) Adrenaline 10“’. 

Although the average is 
43.9 mm./8ec., the velocity was 
rising in the sea-water, and the gill 
piece on entering the adrenaline 
solution showed supernormal 
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activity (even 53 mm. per sec.), but excitation seemed to be abolished, 
and the velocity near the end of the course in the second arm of the 
measuring tube approached that in the latter part of the first arm, while 
the average velocity in the adrenaline solution, 47.4 mm. per sec. (107.99^), 
did not seem to prove the definitive accelerative action of adrenaline. 
The solution was, moreover, three hours old after preparation. The age 
probably weakened the inhibitory action and the experimental error in 
measuring the normal velocity in insufficient duration brought about the 
apparently accelerative effect. This was shown clearly in the next experi- 
ment, where a fresh solution was used and the effect was distinct. 

Experiment Set, III, No, 3, 

(Table 11) Adrenaline 10~\ 

The results of the preceding 
experiment, No. 2, where the 
age of the solution seemed to 
have interfered with the action 
of the solution, was doubtful 
and re examination of the effect 
of the concentration of 10"' was 
made with a fresh solution in this 
experiment. Here the effect is 
quite evident, and the inhibition 
is 16.69^. As is seen from the 
curve, the inhibition was pro- 
gressive at about the first third 
of the course and the velocity 
remained almost uniform for the 
rest of the course. 

Experiment Ser, III, No, 4. 

(Table 12) Adrenaline 10"^ 

The inhibition in this experi- 
ment is less than in the preceding one, as would be expected, and approaches 
the limit of experimental errors. But the experiment proceeded quite 
satisfactorily and uniformly, and the effect seems not to be an incidental 
experimental error (Fig. 5). The adrenaline solution was quite fresh. 
Experiment Ser, III, no, 5. (Table 13) Adrenaline 10”“. 

The average velocity in the normal sea-water is 42.1 mm./sec., and 
the same in the adrenaline solution is 40.9 mm/sec. (97.19^). Although 
the inhibition in this exDeriment is small and is nearly an experimental error. 


Tahi.e 11. 


Experiment Ser. Ill, No. 3. 

Adrenaline 10"*" 
Temperature 26'’.5'^l*7 C. 


Norma) sea-water 

1 Adrenaline 

Time 

Scale 

Time 

Scale 

min. 

mm. 

min. 

mm. 

0 

0 

12 


1 1 

42 

13 

512 

2 

84 

14 

556 

.3 

126 

15 

599 

4 

171 

16 ; 

a39 

5 

215 

17 

676 

6 

1 259 

18 

718 

7 

303 

19 


8 

347 

20 

782 

9 

387 

21 

816 

10 

429 

22 

847 

11 

474 

23 



- — 

24 

915 

Average 

43.0 

25 

947 



26 

979 



Average 

35.5 
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10~^ Graph showing the relative effect of concentrations. Depression in 10“^ adrenaline 
solution is 16.6?e, and in 10’^ solution is 8.9?^. G>mpare also fig. 4, 


T able 12. 

Experiment Ser. Ill, No. 4. 

Adrenaline 10”* 
Temperature =t25".3-^26^.5 C. 


Normal sea*watcr | 

1 Adrenaline 

Time 

Scale 

Time 

Scale 

min. 

mm.' 

min. 

mm. 

0 

0 

15 


1 

37 

16 

508 

2 

74 

17 

541 

3 

111 

18 

574 

4 

148 

19 

606 

5 

183 

20 

639 

6 

217 

21 

671 

7 

250 

22 

701 

8 

285 

23 

731 

9 

321 

24 

761 

10 

359 

25 

793 

11 

392 

26 

823 

12 

428 

27 

855 

13 

460 

28 

891 

14 

491 

29 

924 

— 



30 j 

arOO 

Atitorage 

35.0 

31 1 

1 

987 



Average 

81.8 




(81.170 


Tab le 13. 

Experiment Ser. Ill, No. 5. 

Adrenaline 10*“* 
Temperature 26^.50. 


Normal sea-water 

Adrenaline 

Time 

Scale 

Time 

Scale 

min. 

mm. 

min. 

mm. 

. 0 

0 

13 


1 

43 

14 

521 

2 

88 

15 

565 

3 

133 

16 

609 

4 

177 

17 

652 

5 

219 

18 

695 

6 

260 

19 

736 

7 1 

299 

20 

778 

8 

339 

21 

818 

9 

381 

22 

857 

10 

422 

23 

om* 

fVfO 

11 

464 

24 

933 

12 


25 

971 

Average 

42.1 

Average 

M.8 

(sr.iTi) 
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it seems to me to be significant that the experiments (Nos. 3, 4 & 5) 
with the decreasing concentrations (10 '; 10^^; 10^^) show also the 
regularly decreasing magnitudes of inhibition. Moreover, the next lower 
concentration, 10 shows also the lesser inhibition (Exper. Ser. Ill, No. 1, 
Table 9, a & b). AH the foregoing experiments seem to have proved 
that adrenaline at the concentrations as far as examined, 10 to 10~‘”, 
inhibits the ciliary activity of the ciliated epithelium of the gill of the 
oyster, and no decisive evidence of definitive acceleiative effect was 
observed so far as the present experiments are concerned. 


COMPARISON AND DISCUSSION 

The results of the experiments are summarized in Table 14 and Fig. 6. 
All the experiments except Exp. Ser. Ill, No. 2 (10 ^) and Ser. I, No. 6 
(first determination, 2 X 10 *’) show clearly the depressive effect of adrena- 
line on the ciliary movement. The exceptional, effect observed in these 
experiments just mentioned may be explained by the conditions of the 
experiments described under the headings of the respective experiments. 


Table 14. 


Concentration 
of adrenaline 

No. of ex{>eriments 

Per cent, velocity in 
adrenaline solution 

10-’^ 

Ser. 1, No. 1 

54.8 


Ser. I. No. 2 

0.— 

4X 10-" 

Ser. I, No. 7 

92.3 

2x 10-’ 

Ser. I. No. .3 

0—80 


Ser. I, No. 4 

69.4 

tp >* 

Ser. 11, No. 10 

71.8 

2x 10-7 

Ser. I, No. 5 

77.3 

10-7 

Ser, III, No. 2 

107.9 

M j 

Ser, in, No. 3 

83.4 

1 

o 

X 

CM 

Ser. I, No. 6 

108.2; 85.0; 90.4; 96.3 

o 

! 

Ser. Ill, No, 4 

91.1 

10-® 

Ser. Ill, No, 5 

97.1 

10-10 

Ser. Ill, No. 1 

98.9; 98.0; 100.2 


Diphasic action of adrenaline has sometimes been described by some 
authors, and the a)ccelerative effect observed in the exceptional cases just 
mentioned may also be reconciled with the normal despressive action by 
considering the diphasic action, and the depressive effect ought to be 
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considered as the specific effect of adrenaline upon ffie ciliary activity of 
the epithelium of the oyster gill. 



Fig. 6. Graph showing the relation between the crawling speed of the 
gill piece and the concentration of adrenaline solutions. Ordinates: crawling 
s|>ced ill the adrenaline solution in percentage of the normal. AbscUoae : 

, —log concentration adrenaline in sea-water. 

Transient effects of adrenaline and of many other drugs have been 
observed by previous investigators. Meyer (19C8) first noted this effect 
in the cases of adrenaline acting on arterial strips. Neurirch (1912) 
noted that a large dose of pilocarpine produced an initial stimulation of 
the isolated gut, that this stimulation passed off after prolonged exposure 
to the drug, but that wash-out caused a second powerful stimulation (A. 
J. Clark, p. 193). . In our experiment (table 9, a & b) a similar effect 
is also observable. The very dilute concentration (lO”'") of adrenaline 
depressed the ciliary activity slightly at first, then the effect passed off 
and normal velocity re-appeared. After about one hour in the adrena- 
line solution, the gill piece again showed the dffu^ssed velocity (60.59^) 
on transfer to the normal sea-water. This second depression wes also 
followed by the normal velocity (or supemomal idxMit the limitr of 
experimental errors). 
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Straub put forward the so-called potential theory of the actions of 
drugs : i. e. that the action of drugs depends on a potential gradient between 
the concentrations of the drug outside and inside the cells. This theory 
found many supporters, but Fritz (1928) maintains that the adrenaline 
recovery of isolated gut was due chiefly to the breakdown of the drug, and 
that the effects irequently recorded on wash-out were due to temperature 
alterations. He concluded that potential effects were chiefly a summation 
of experimental errors (A. J. Clark, p. 193). Potential theory seems to be 
able to explain the recovery in the drug solution, but not to be able to 
explain the temporary excitatory effect of drugs of depressive action in 
dilute concentrations or on wash-out. The Arndt-Schulz law of the action 
of drugs may be consulted in this connection. It states that '' Weak stimuli 
excite, medium stimuli partially inhibit and strong stimuli produce com- 
plete inhibition.’’ (A. J. Clark, p. 195). As to the transient and poly- 
phasic actions, opinions are divergent, but the fact may be mentioned in 
this connection that the duration of adrenaline action is at most a few 
hours in man, dilates at first the pupils and then constricts them to pin- 
points (McClendon 1937). The exceptional accelerative case of the action 
of adrenaline observed in the present work may be understood by taking 
into account such polyphasic action. Bacq suggests that the differences 
between sympathin I and sympathin E could be explained by assuming 
sympathin E to be identical with a slightly oxidized adrenaline. He 
writes, moreover, that “ Si Ton pouvait prouver que Tadrenaline legore- 
ment oxidee perd ses proprietes inhibitrices plus rapidement que ses pro- 
prietes excitatrices nous aurions la possibilite, actuellement exclue, d’opposer 
k la theorie de Cannon et Rosenbluth (1933) une interpretation rationelle 
des faits.” This hypothesis was denied by Blaschko and Schlossmann 
(1936). From this point of view, it becomes quite necessary to study the 
effect of drugs in wide ranges of concentrations, to determine the specific 
action of the drugs. The statement of Arndt-Schulz is really exemplified 
in our experiment with acetylcholine, the results of which will be published 
immediately. In the present study, the effect of adrenaline was examined 
in concentrations of 10~® to 10“^''. This range seems to be sufficient, 
judging from our experiments and the work of many previous workers, 
although some few investigators examined more dilute concentrations. In 
the higher concentrations, the inhibitory effect is evident, and the lowest 
concentration shows only the slightest degree of inhibition, that may 
approach the limit of experimental errors, or almost no action. The 
molecular weight of adrenaline is 183.16, and the concentration of 10^'® 
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(Contains about 3.3 x 10" molecules pef cmm. or 0.33 moleeales per . One 
molecule of adrenaline probably covers an b^wem 20 and 50 sq. A, 
and if the latter figure be taken, then the number of molecides required 
to cover one heart-cell of die frog is of the order of 10” molecules. The 
dimension of the frog heart ventricle cell is 131 /< x 9 ^ and the number 
of the cells in a cmm. is 0.33 x 10", their totd surface m a sq.cm, being 
6. As to the dimension of the oyster gill cells, we have no concrete data, 
but the cells are relatively small as is usual in molluscs and the figures 
in allied groups have been given as follow : the cells of the gill filament 
of Grpidula plana, 6 x 1 1 in micra ; cells of ganglion cerebrals of Hdix 
erieetorum, 51 x 33 to 9 x 9 in micra, maximum and minimum reflectively 
fTabulae biol. IV). The cells of the oyster gill may be assumed to be 
about of the same size. If the action of a drug depends upon the ac- 
cumulation of the drug at the cell surface, as is maintained by some 
authors, the smaller cells in a given volume will require a larger number 
of molecules per unit volume. The tolerance of the oyster cells for nar- 
cotics and chemicals is rather high as judged from our experience with 
the oyster gill (Nomura 1928, Nomura and Imai 1936), so the minimum 
effective concentration of adrenaline would also be expected to be rather 
high, and more dilute concentrations of adrenaline than those we have 
examined probably need not be tested. 

The minimum concentrations of adrenaline that produce demonstrable 
actions in a rabbit’s intestine (inhibition) is 5x10'* molar, in a rabbk’s 
emr (vasoconstriction) 5xl0~” molar, in a rat’s uterus (inhibition) fixlO"” 
molar (A. J. Clark, table VI). The molecular weight of adrenaline 
being 183.16, the minimum concentration we have eKamined oorresponds 
1000 

to 10“” molar, t. e. approximately 5 x lO"” molar. Algren (1926) 

and Eui.er (1930) report that adrenaline influences the oxygen ccmsumptioa 
(d tissues at a concentration of 1 part in 10”, but others failed to .find 
the effect in such dilutions : of example, KiSCH and Leibwitz (1930) found 
that the limit of demonstrable activity was 1 in 10*. Krawkow ^1923) 
on the contrary claims that adrenaline ik a dilutioB iff 1 in 10'* ^educed 
constriction in a perfused rabbit’s ear, but Kopp and Manckb (1930) 
found that the limit of demonstrable activity was 1 in 10*. Extreme 
figures were given by Schumsmann (1927) who observed that adrenaUae 
at a dilution of 10~'* produced an effect on a frog’s heart partly poi: 
sened with aconitine. A. J. Clark warns against such extreme figures 
ei low dilutions, but he states at the same time — “Indeed thdr ej^ 
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ppeoien involves tiie use of figures of unfamiliar order of magnitude. If 
liowevier, these figures are expressed as the number of molecules present, 
titen Aa results show that there is no necessity to assume special laws 
of chonSstry or physics in order to explain the effects observed ’’ (A. J. 
Claidc, pp. 26-27). Although the limit concentrations of the demonstrable 
effect differ greatly, according to the authors, as have been mentioned 
above, the quality of effects do not differ according to the concentrations 
of adrenaline. It is inhibitory or excitatory according to the nature of 
die tissues acted upon, or to the nature of innervation ; increased con- 
traction in the sphincter of the pylorus and of the ileocaecal valve, 
spleen, vagina, uterus, vas deferens, retractor penis, or inhibition in intes- 
tine. stomach, oesophagus, gall-bladder, urinary bladder (Schafer 1916). 
LANCtEv’s statement may here be cited that although the rule is perhaps 
not entirely without exception, the result of suprarenal injection is, as a 
general {winciple, identical with that of stimulating the endings of the 
sympathetic nerves throughout the body (Schafer 1916). In the higher 
animals or their tissues, the inner\'ation would complicate the analysis of 
the action of the drug. The advantage of the material of our experiment 
is that the ciliated epithelium of the gill of the oyster under investigation 
is devoid of nervous connection, and can also be observed in direct contact 
with the medium of known concentrations of the drug. The changes of 
the ciliary activity can, therefore, be directly correlated either to the 
effect of die external conditions or to the drug, and nervous control can 
be put out of consideration. 

Nervous control of ciliary movement, however, has long been debated by 
many authors, but the recent tendency among authors is to recognise two 
types of ciliated organs: the first type is found in the majority of these 
organs, and is characteristic of those which function continuously during the 
lifetime of the anunal. In these the beat is uninterrupted and apparently 
antomatic, and in many organs of this type, independent of the presence 
(rf the other tissues of the body, e. g. ciliated cells of the Mytilus gill, 
in the second type, which is less common but occurs widely in the animal 
kmgdom, the beat is intermittent or occasional and is controlled by the ner- 
weua aystem, aS' Carter daims to have found evidence for it in the ciliated 
ceil, vdar cilia of Nudibranch veliger (Carter, 1926; Gray, 1920). 

We may pause here for a moment to cite some recent papers on this 
praildein, leaving out old literature. Merton (1923) found that electrical 
adulation of nerves leacfiifg to the ciliated epiUielium of the snail’s Jip 
jnmdw ee d act iv ation of previoudy quiescent cilia. McDonald, Leisure, 
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and Lgnneman (1928) found that electrical and chemical stimulations 
the sympathetic fibres which innervate the ciliated epithelial lining of the 
frog’s pharynx cause the cilia to beat rapidly, and that stimulation of 
parasympathetic fibres causes the cilia to beat slowly. Seo (1931) definitely 
proved that the palate epithelium of the frog is innervated by nerve fibres 
from Nervus facialis, N. trigeminus and N. glossopharyngeus, and that 
the ciliary movement of the epithelium is accelerated by stimulating these 
fibres, although he at the same time does not deny neuroid transmission 
of the ciliary activity. Friedrich (1933) also reports the nervous regulation 
of ciliary movement in the locomotion of Nemertini. It is highly interesting 
to know that Shmaguena (1935) more recently reports inhibitory effect of 
atropin, adrenaline and sympathetic nerves and accelerative effect of vagus. 
ScHMAGiNA (1936) observed the effect of atropin, adrenaline and electrical 
stimulation on the ciliated epithelium of the oesophagus of the frog and 
on the trachea of the cat and the dog. The result showed that besides 
automacy of the ciliary movement there is also a nervous inhibition. All 
these results just mentioned furnish examples of nervous regulation of 
ciliary movement, and they are in agreement with each other. If we 
come back to materials of more intimate relation to our material, we can 
not find any evidence of nervous control of ciliary movement. 

According to Freidenfelt (1897) “Der Nervus brachialis (das Osphra- 
dialganglion) soil ein selbstandiges Zentrum fiir die Kiemen bilden, in dem 
er Gangienzellen enthalt, die Neuriten nach den Kiemenmuskeln senden, 
und in dem auch sensible Nervenfasern enden. Diese Stammen teils von 
primaren Sinneszellen des Osphradiums. teils von Zelien mit freien Nerven- 
endigungen im Epithel der Kiemen” (HANSTRdM 1928,. p. 206). SpitT' 
stOsser studied the nervous system of Anodonta cdlensis and described 
the finer branches of nerves in detail throughout the body, but did not 
give any description of the nerve fibres in connection with the branchial 
epithelium. Dakin (1909) describes the nerve in the principal and ordinary 
gill filaments of Pecten, as running along the interlamellar margin of the 
filament between the epithelium and chitinous frame work, but did not 
make out the distribution of finer branches and their terminations. 

Sgtna too studied the neuro-muscular mechanism of the gill of Pedm, 
but he did not touch the problem of nervous control of the ciliated cells. 
He cut the subsidiary branchial nerve, but could not find any evideiKe 
reversal of ciliary current either on ffie gill or on tiie palps. Mechanical 
stimulation also did not alter the direction ot the ciliary stroke. .No 
further information of the < innervation or 'na-vous control of the (plated 
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cells of the gill can be found in his paper. 

Lucas recently took up the problem again and examined the innerva- 
tion of the ciliated gill epithelium of Lamellibranchs {Mytilus edulisy 
Modiolus modiolusy Amblema costatOy and Megalonaias gigantea)^ but 
could not find any morphological basis for supporting nervous control of 
ciliary movement, nor could he observe any response of the ciliated cells 
to electrical stimulation through the branchial nerve and cerebro- visceral 
connective. He used for stimulation a current from a Harvard induction 
coil with one dry cell. This may be insufficient in strength. Indeed 
he observed that “ no muscular contraction in any portion of the animal 
was produced by stimulation.” (Lucas 1931 a). The failure of response 
may be due to large chronaxie of the gill tissue of Mytilus, as is often 
the case when excitable tissues with large chronaxie are stimulated with 
an alternative current of a rather low voltage and large frequency. In 
stimulating such tissues, the theory of chronaxie (Lapicque 1926) should 
be borne in mind. Lucas’s experiment thus leaves some doubt open for 
further investigation, but his morphological study led him to conclude that 
the branchial nerve is sensory and that none of the fibres enter the gill 
(Lucas 1931 b). He could not find any nervous elements in connection 
with the ciliated cells of the gill, although his technique revealed nervous 
elements in other parts of the body. 

After all, we have to conclude from the present status of our knowledge 
that the ciliary movement observed in our experiments is not controlled 
by the nervous system, and is acted upon directly by the drug. 

Some data on the velocity of locomotion or current caused by cilia 
or flagella may be compared for convenience. Spermatozoa of Bos tauris 
move at a speed of 67 /Vsec., that of man at 310 /Vsec., Paramoecium 
caudatum swims at 1300/^/sec., and Halteria sultans at 2300 ///sec. 
Lycopodium on the tracheal epithelium of a living dog was carried down 
by ciliary current at a velocity of 60 to 330 /Vsec. (Buttner- Worst, 
Tabulae biol. IV : 484). The average velocity of the gill piece in normal 
sea-water observed in the present experiment sometimes exceeds 4 cm./min., 
i.e., 660jtt/sec., and is of about the same order of magnitude as the values 
just cited, and is comparable with them. 

The distribution and action of hormones in invertebrates have been 
investigated by many workers, and an enormous literature is being ac- 
cumulated. Hie presence of adrenaline or chromaffine cells, that have 
been believed to contain adrenaline or allied substance, has been described 
by many authors in invertebrates: Gastropods, Hirudoy AphrodUe and 
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Eunice, Lumbricus herculeus (Rogers 1927 ; Gaskeix 1914, 1919). Ungas 
recently observed that excitation of certain nerves of Cephi^tpods discbarges 
a substance whidi can be characterized by hs pharmacological properties: 
positive inotrope action on the isolated heart, stimulation of contractkm 
of perfused stomach and inhibition of these effects by cocaine. The pre* 
sence of a hormone in the crustacean eye stalk is a well known fact now* 
a-days, and it has been claimed that adrenaline is present even in Aira* 
moecium (Bayer and Wense 1936). As to the effect of hormones and 
drugs, usually found and studied in vertebrates, on the invertebrate animals 
the results are diverse and discrepancies are not infrequent. Takatsuki 
(1933) reports that the heart of the oyster, when affected by adrenaline, 
always accel^ates its pulsation and increases the tone of its muscle. The 
minimum effective concentration of the drug varies in different individuals, 
but it is approximately 1.7 x 10~". This is by far a higher concentration 
than the minimum we have examined. Tsiinoda maintains that the actbn of 
adrenaline on the heart of the oyster is always accelerative on the auricle, 
and is inhibitory on the ventricle, while Takatsuki claims that “ There is no 
great difference between the effects of adrenaline on the ventricle and the 
auricle.” (Takatsuki 1933). Shortly after their work, Suzuki (1934) described 
the presence of ganglion cells in the auricle and ventricle of the oyster heart 
This probably makes the problem more complicated. Medvedeva in bis 
studies on the effects of adrenaline and insuline on various invertebmtes 
{Aurelia aurita, Anodonta, Potamobius asiacm, and silkworm) found that 
adrenaline did not cause hyperglycaemia in Aurelia and Anodonta, while 
the effect depends on the developmental stages in the silkworm. Woup* 
Heidegger (1935) injected adrenaline and insuline . solutions into the 
body of the pulmonate, Helix pomatia, but could not observe any d^nke 
effect upon the blood sugar level of the animal. Roche and OuMA»BitT 
(1936) also report the absence of effects of adrenaline as well as of insuline 
and exercise on the glucose level of the haemolym{di of Cancer pegurus. 
Large concentrations of adrenaline (1 : 100) could not affect the slow 
muscle of Peeten openadaris, (Bayuss, Boyland, smd Ritchie 1930), and 
a similar absence of the effect of adrenaline was observed also in the 
heart of an ascidian, Ciona irUestimtis (Bacq 1934 b). The nega^w 
results of the experiments with adrenaline on invertebrate animals led these 
authors to suppose that some mechanism for regnlatiog the blood angat 
level, or musmlar activity and other pnncesses in Icwver aitimals seems to 
exist, which is entirely diffueik &om the medianism in higher animidel 
On .the ether hand, many autimn report posittve residts of adienelhto' 
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affects in invertebrate animals. Hogben and Hobson (1924) observed that 
adrenaline and epinine in concentrations of 1 : 500,000 evoked a very 
characteristic res^nse : a marked increase in tone with the final arrest of 
tlie heart in systole is well seen, with very dilute solutions marked 
acceleration of the Slowly beating heart was found to follow perfusion 
with adrenaline or epinine, but the acceleration was in general obscured 
by the immediate tonic contraction of the ventricle. Bacq (1934 a) reports 
recently that adrenaline in .concentrations of 1.10"’ to 1.10 " is always ex- 
citatory, and augments the tonus, and especially in the rectum increases the 
number and rigour erf contractions in IjAigo pealii, while the same author 
observed no effects in the* ascidian, dona intestinaiis» as has been mentioned 
above. Medwedewa (1933) injected 0.1-0.2ccm. of adrenaline solution 
(1 : 1000) into the foot musculature of Helix, and observed distinct hyper- 
glycemia; normal sugar content of haemolymph was 0.012^, and this 
rose to 0.035?^ half an hour after the adrenaline injection. The same 
author also reports that the myoneme and ciliary apparatus of Paramoedum 
reacted to the action of adrenaline by the increase of the frequency of con- 
traction, by the rise of the tonus, and eventually by a tetanic contraction. 
Medwedew (1935) observed intense hyperglycemia in adrenaline-injected 
Aataevs fiuvialilis, although the variation of effects was great, the blood 
sttgar content of the experimented animals ranging from 85^ to 281 ^ 
of the normal value. Accelerative effect of adrenaline on the oxidative 
action of isolated cells has been reported by some authors, but denied by 
others. Hodel (1934) recently observed that adrenaline does not increase 
the oxidation inooess of isolated cells in Ringer solution, but an accelerative 
effect appears when a small amount of serum is added to the medium. 

E^eet of adrenaline upon metabolism is a complicated problem. It is 
generally known that a subcutaneous injection of adrenaline invariably 
produces hyperglycaemia and glycosuria in higher animals, and this occurs 
even if the animal had been fed on a diet free from carbohydrates; it 
» then eecoii^nied by increased excretion of nitrogen, indicating that 
ngar is formed from protein, though other observations do not support 
this (Schafer 1916). There is also an increase in toe metabcrfic rate as 
wdl as in the respiratory quotient, the latter change showing an increased 
ntilixatfon <rf carbohydrate (Bodansky 193U, p. 406). Gray once suggested 
that a idyxxiprotem forms the source of ciliary energy in the MvtUus giU, 
while BoYbiUts suggested that glycolysis supplies ciliary energy in the 
Bnten ^ (Gray 1928). The effect of adrenaline upon the respiratory 
giifitinnf «f the dliated epithelium of the oyster gill would therefore be 
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an interesting subject, and will be determined in a subsequent experiment. 

The state of adrenaline in tissues, blood and other body fluids, and 
the fate of injected adrenaline in the organism are difficult and complicated 
problems, and little has been known hitherto, but important knowledge 
has been accumulated in recent years. Concentration of adrenaline in 
blood has been studied by many investigators, but their results have not 
been in agreement, and Stewart was skeptic about the various values 
in literature and maintains that concentration of adrenaline in the arterial 
blood could not have been greater at most than 1 : 500,000,000 to 
1 : 1,000,000,000. These concentrations are covered by the range of 
concentrations of adrenaline examined in our experiments. 

Adrenaline in solution is easily oxidized, especially when the solution 
is alkaline. Oliver and Schafer had already observed that adrenaline is 
not destroyed by prolonged contact with blood, nor is it eliminated by the 
urine. The autoxidation in vitro of adrenaline has often been assumed to 
be responsible for the inactivation of the drug in organisms. The obser- 
vations of Oliver and Schafer, however, suggest the existence of some 
mechanism for protection of adrenaline from rapid oxidation and consequent 
inactivation. Knowledge in this line is rapidly increasing, and will clear 
up many difficulties and discrepancies among authors on the subject. As 
to the inactivation of adrenaline, the recent writing of Bain, Gaunt and 
Suffolk may be cited. “ — that while adrenaline inactivation proceeds to 
completion in blood and liver, blood serum and blood plasma, this does not 
happen in blood alone : in this last an equilibrium is established beyond 
which no further inactivation of adrenaline can be demonstrated. The equi- 
librium concentration of adrenaline is proportional to the initial concentra- 
tion within certain limits. There is also some variation, for a given initial 
concentration, from sample to sample of blood. Addition of fresh blood 
to an equilibrium mixture does not result in further inactivation of the 
remaining adrenaline; whereas addition of more adrenaline to an equilibrium 
mixture results in some further inactivation, with the establishment of a 
new equilibrium point. That the equilibria are due, in part at least, to 
the passage into the blood corpuscles of some of the adrenaline, in which 
situation it is incapable of exhibiting pressor activity, is suggested by the 
following facts : firstly, all the adrenaline activity of an equilibrium mixture 
is present in the plasma ; secondly, haemolysed corpuscles from an equili- 
brium mixture exhibit adrenaline activity, such activity not being shown 
by control haemolysed corpuscles, or by unhaemolysed corpuscles from 
an equilibrium mixture ; and lastly, addition to fcedi plasma of corpuscles 
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from an equilibrium mixture leads to the appearance of adrenaline activity 
in the plasma-corpuscle mixture.” This knowledge is very important in 
considering the adrenaline action in our experiments, in which the adre- 
naline was dissolved in sea-water, that has an alkaline reaction which 
would fascilitate inactivation. Adrenaline in sea-water is progressively 
oxidised, and a red oxidation product is sometimes perceivable. But it 
may be assumed also that the drug on entering the cells is protected from 
rapid oxidation and thus retains its activity. Further evidences obtained by 
recent authors lend support to our assumption: i,e, more prolonged main- 
tenance of adrenaline activity in cell interior than would be expected 
from the alkaline reaction of the solution medium. 

In the blood and tissues, the presence of inhibitors of autoxidation 
has been known and the role of different substances such as amino acids, 
glutathione, ascorbic acid, and guanidine as inhibitors of autoxidation has 
recently been discussed by Blaschko, Richter and Schlossmann (1937). 

Heard and Welch (1935) report that adrenaline is protected by 
glutathione, ascorbic acid, and cysteine from autoxidation in biological 
systems, while the Barrons and Klemperer (1936) report that ascorbic 
acid in turn is protected from oxidation in biological fluids by the action 
of glutathione, proteins, and amino-acids, which inhibit copper catalysis. 
Blaschko, Richter and Schlossmann (1937) on the contrary observed 
the inactivation of adrenaline in rat and guinea pig tissues. The relation 
of redoxpotentials (Michaeus 1929) of the substances under consideration 
is interesting. The redoxpotential of adrenaline was measured by Ball 
and Chen (1933) and E„'= 0.338 at pH 7 and SOT. and that of ascorbic 
acid measured by Green (1933) is much lower, £„'== —0.045 at the 
same pH and temperature, and as far as a small portion of ascorbic acid 
remains in reduced form, it will protect the adrenaline from oxidation. 
The intracellular redoxpotentials of various cells, that have been measured, 
are lower than that of adrenaline, and would favour the existence of the 
reductant form of adrenaline-redoxsystem. Terai and others studied the 
effect of redoxsystem on the adrenaline action and their experiments on 
various organs of cold and warm blooded animals showed the suppression 
of adrenaline action by quinone and the recovery of its action by the ad- 
dition of hydroquinone, which they interpret as evidence that adrenaline 
apparently undergoes a reversible change between an active hydroxy-form 
and an inactive oxy-form. Sodium bisulfite could be substituted for 
I^Miroquinonei and iodine for quinone with the same reversible changes. 

In a previous work (1933), I determined the intracellular oxidation- 
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reduction potential of the ciliated gill epithelium of Pectm ye^aomms, under 
anaerobic conditions. As the oxygen tension of the medium in the dosed 
chamber gradually decreased by the oxygen consumption of the endosed 
gill tissue, the ciliary movement gradually slowed and at last stopped;. 
The redox-potential at this time was determined by means of vital stain- 
ing and its decolouration, and from consideration of this value with that 
of sugars (Preisleh 1937, Wurmser 1930), it was suggested that the 
energy of ciliary movement might be derived from glycolysis. Adrenaline, 
which is sympathomimetic and causes hyperglycaemia and glycosuria in 
higher animals and in some invertebrates, however, inhibits the ciliary 
activity of the oyster gill as is observed in the present study. Whether 
adrenaline inhibits glycogenolysis, which is accelerated in higher animals, or 
whether it inhibits glycolysis remains open to further experimental studies, 
nervous regulation of ciliary movement here being assumed to be excluded. 

SUMMARY AND CONCLUSION 

1. The effect of adrenaline on the ciliary movement of the gill of 
the oyster Ostrea gigas Thunberg has been determined. 

2. A wide range of concentrations from lO""^ to 10~‘'’ has been 
examined. 

3. The effect is inhibitory in all concentrations examined. 

4. Various problems bearing upon the ciliary movement and the adre- 
naline effects have been reviewed and discussed. 

I should like to express my rincere thanks to the Imperial Academy of 
Japan and to the Japan Society for the Promotion of Scientific Research 
for the grants by which parts of the expense of the present work were 
defrayed. 
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Arika Kimura 

Instituto Biologiae TShoku Universitatis Itnperialis Scndaierusis 
(Cum 3 tabulis et 3 fiRuris in textu) 

(Opus acceptum d. XXX m. Aug. a. MCMXXXVII) 

83) X Toisochosenia Tatewakii'^ Kimura hyb. nov. (Fig. 1 & Tab. XI). 

=Chosenia bracteosa (Turczaninow) Nakai > Toisusu cardiophylla 
(Trautvetter & Meyer) Kimura. 

Arbor est magna habitu Toisusu cardiophyllam .simulat trunco circiter 
40 cm diametiente (ex Tatewaki). Ramuli annotini nitiduli glaberrimi 
(juxta nodos autem interdum minutissime puberuli), .sub prelo facilius 
atro-fuscescentes, 10-32 cm longi, superne circiter 2 mm medio 2- 3 mm 
circa basin 4 mm crassi. Internodia in medio ramuli 1.5- 2.8 cm longa. 
Gemmae amentiferae ovato-oblongae latere carinatae, .superne angustatae 
atque plus minus complanatae, glaberrimae rufo-brunneae, circiter 1 1 mm 
longae 2.5 mm latae ; perula gemmae una coriacea ventre libera, marginibus 
imbricatis, externo glaberrimo interno ciliato. Cataphylla sterilium ramulo- 
rum membranacea sessilia, prima adaxialia late ovata apice acuta margine 
integerrima, supra glaberrima subtus praeter basin glabram adpresse villosa, 
villis marginem superantibus, 9-11x0- 7 mm magna, .secunda abaxialia 
elliptica circiter 1 2- 13 x 6.0-6.5 mm magna ceterum ut in primis. Folia 
adulta non visa. Amenta $ (paullum ante anthesin staminibus nondum 
satis exsertis visa) coaetanea oblongo-cylindrica apicem versus angustata, 
2,7 cm longa 7 mm crassa, foliato-pedunculata ; pedunculi parce pilosi ad 
6 mm longi, ' foliolis 4-6 (-7), quorum primis et secundis caducissimis et 
forma magnitudine indumentoque iis sterilium ramulorum simillimis, ceteris 
obovatoKiblongis, vere vel anguste oblongis, antice late vel anguste acutis, 
basi obtusis breviter petiolatis, margine integerrimis, supra fere giabris 
infra dilute glaucis nunc dense nunc tenuiter adpresse villoso-sericeis vd 
minute sericeis, 14-20 mm longis 5-8 mm latis, supremis minoribus. Brao 
tedae obovatae vel flabellato-obovatae, apice rotundatae vel truncato- 
rotundatae integerrimae vel irregulariter undulatae, deorsum interdum late 

0 Nomen hoc dedi in honorem doctoris M. Tatkwaki florae boreali-japonicae peritissimi 
(|tii hanc raritatem detexit et mihi specimina pretiosa largitus est. 
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cuneatae, intus glaberrimae, extus suprema parte vulgo paucipilosae ceterum 
glaberrimae, margine ciliatae, 2.0-2,3inin longae 1. 8-2.3 mm latae. Gian- 
dula una dorsalis semper evoluta oblonga 0.3-0.5mm longa, ventralis 
omnino nulla. Stamina numero varia plenimque 5, rare 3 vel 4, rarisstme 
6, filamentis liberis et glabris nondum satis exsertis. Antherae luteae late 
ovales extrorsae 0.6-0.8 mm longae 0.7-0.8 mm latae. Grana pollinis 
normalia nec deformia modo vix variabilia. 

Hab. Japonia. Sachalin austr. — Distr. Sikka : ad fl. Mirukunai, (Tate- 
WAKi & Takahashi n. 22489 [typus] 15 Jun. 1936 in Herb. A. Kimura). 

Tatewaki ill. ad me scripsit banc in associatione Choseniae bracteosae 
Nakai et Toisusu cardiophyllae KiMURA occurrere in ripa fluminis Mini- 



Fig. 1. Toitochosenia Tateteakii Kimura. A Flos f. B Idem gUnduIain 
dorsalem monstraiu. C Bracteola a dorao visa. 


kunai; ibi autem et in vicinitate Toisusu Urbaniana Kimuka et ejus var. 
Schneiderii Kimura non adhuc sunt certe detectae, cui rei debet conubium 
supra propositum. Discrepat a proxime affini Toisochosenia kamikotica 
Kimura, quam e Chosenia bracteosa Nakai et Toisusu Urbaniana Kimura 
hybriditate ortam esse opinor, imprimis florum bracteolis obovatis (nec 
spatulato-oblongis) brevioribus ac latioribus et glandula dorsali semper 
evoluta. 

34) Salix subrentformis Kimura in Jour. Fac. Agr. Hokkaido Imp. Univ. 
XXVI. 4. p. 409 (1934) (Miyabe & Kudo, Fl. Hokkaido & Saghal. IV.).— 
Nemoto, Fl. Jap. Suppl. p. 116 (1936). 

Fig. 2. — Descr. : FrtUiculus habitu ut in •^, ramolis laevibos glabris 
brunneis, annotinis 2.5-3 cm longis 4h5 mm erases, homotinis foliiferis ad 
4.5 cm longis. Gemmae steriles ovRtae obtusae glaberrimae flavo-brunneae. 
Cedaphylla sterilium atque fertilium ramulprum late orbicularia apice leviter 
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retusa, basi cordata, supra marginalibus partibus villosa, subtus undique 
villosissima, prima 8x10, 13x15, 18x19 mm etc., secunda 13x19, 20 x 
20, 23 X 27 mm -etc. magna ; petiolis parce villosis in cataphyllis primis 4- 
10 mm, secundis 8-14 mm longis. Folia adulta late vel pure orbicularia 
apice plerumque retusa nonnumquam rotundata, basi cordata, margine 
integerrima leviter reflexa, basi solum rarius obscure remote serrata, supra 
florendi tempore glabra vel antice tantum albo-villosa non stomatifcra, 
subtus dilute glauca, summa parte tantum vel ad costam vel etiam nervos 
adpresse villosa, superiora 3.7 x 4.3, 4x5, 4.2 x 4.3, 4.5 x 4 .3, 4.7 x 5.5 cm 
etc, magna, inferiora minora 0.9 x 1.1, 1.4 x 1.5, 

2.4 X 2.7 cm etc. magna ; costa supra impressa 
infra prominente; nervis primariis arcuatis plus 
minus 'acrodromis utrinsecus fr-7 sub angulis 
30°--70° a costa divergentibus, supra impressis 
subtus prominulis; secundariis in sicco utrinque 
paullum elevatis inter primaries transversis creb- 
risque. Petioli supra canaliculati fere glabri vel 
parce villosi 1. 3-2.3 cm longi laminis breviores. 

Amenta ^ sub anthesi longe cylindrica circiter 
6 cm longa 1.5 cm crassa, rhachidibus pubescen- 
tibus, ramulos laterales folia circiter 5 (cataphyllis 
inclusis) ceteris simillima gerentes 2.2-2.6cm 
longos inferne glabros superne pilosos termi- 
nantia; pedunculis hirsutis 0.9-1 .2 cm longis. 

Bradeolae obovatae apice rotundatae utrinque 
villosae (intus basi glabrae) antice fuscescentes 
basi in sicco flavo-brunneae, 2.5 mm longae 1 .8- 
2.0 mm latae. Glandtda una ventralis ovato- 
oblonga vel oblonga apice obtusissima vel sub- 
tnincata 1 0 mm longa 0.5 mm lata. Stamina 2, filamentis liberis glaber- 
rimis 5.5-6.0 mm longis ; antherae ovales rubrae 0.8-1. 0 mm longae. Grana 
pollinis lutea. 

Nom. Jap. Zingo-tisimatfanagi Kimura in Jour. Fac. Agr. Hokkaido 
Imp. Univ. XXVI. 4, p. 410 (1934) (Mivabe & Kudo, FI. Hokkaido & 
Saghal. IV.). 

Hab. Japonia. Kuriles.— Ins. Rashuwa: in herbaceous places, Naka- 
domari, (Tatewaki & Takahasm n. 14946 [typus 3 Aug. 1929 in 
Herb^ Fac. Agr. Hokkaido Univ. Imp.). 



Kig. 2. Saitx 8uhreniformin 
Kimura. Flos masculinus. 



3U 


A. KIMURA 


35) xSalix Iwahitana Kimura hyb. nov. (Fig. 3 & Tab. XII, XIII). 

—Salix gracilistyla Miqitel x S. Lackschewitziana ToEPKFER var. typica 
Kimura. 

Arhuscula vel arbor ad 8 m alta trunco usque 20 cm diametiente {ex 
collectore). Ramuli teretes graciles, hornotini foliiferi crispo-pubescentes, 
in partibus juvenilibus molliter albo-villoso-sericeis, in sicco atrof uscescentes ; 
annotini amentiferi glaberrimi (rare in supremis partibus pubescentibus) in 
sicco atro-fusci dilute pruinosi, 17-35 cm vel ultra longi, superne 2-mm 
infeme 4 mm crassi. Gemmae amentiferae anguste ellipticae, apice obtusae, 
ventre minutissime puberulo excepto glaberrimae, circiter 13 mm longae 
4 mm crassae ; foliiferae anguste ovatae, apice obtusae et complanatae, 
latere carinatae, dorso vulgo glaberrimae, ventre minutissime pubescentes, 
in sicco fusco-badiae dilute pruinosae, 4-6 mm longae 2-2.5 rnnrF latae. 
Cataphylla nondum visa. Folia recentissima sub vernatione convoluta 
utrinque dense adpresseque albo-villosissima, e vernatione relaxata margine 
infero leviter revoluta quasi modo S. gracilistylae Miquel. Folia adulta 
chartacea, internodiis 1.0-1. 9 cm longis dissita, inferiora oblanceolato- 
oblonga, supra medium latiora, apice breviter acuminato-acuta, basi margine 
leviter convexo vel rectiusculo acuta, 6-9 cm longa, 2-3.2 cm lata, 2.6- 
3.0-plo longiora quam latiora, superiora oblonga vel lanceolato-oblonga, 
medio fere latiora, apice acuminata, basi margine convexo obtusissima vel 
subrotundata, 7.5-1 1 cm longa, 2.5-3.3 cm lata, 3-3.8-plo longiora quam 
latiora, margine dentato-serrulata vel denticulate, dentibus glandulosis in 
medio folii 4-5 pro 1 cm, sursum crebris, supra viridia secus costam solum 
stomatifera, subtus glauca, utrinque primo pilis longis adpressis acroscopicis 
rectiusculis cum brevissimis curvulisque mixtis obsita, deinde costa excepta 
glabrescentia ; costa in sicco straminea supra fere plana, primo pilis longis 
adpressisque cum brevissimis crispulisque mixtis obsita, mox autem longis 
tantum deciduis, infra vehementer prominente mox glabrescente ; nervis 
primariis tenuibus leviter arcuatis interdum furcatis, utrinsecus 14-16 sub 
angulis 50"-60” e costa orientibus, supra fere planis infra prominentibus, 
secundariis tenuissimis in foliis inferioribus irregularibus, in superioribus 
inter primaries crebre et subparallele transversis quasi modo S. gracilistylae 
Miquel, intermediis 0-2. Petioli semiteretes supra sulcati tomentosi, subtus 
primo tomentosi demum glabreseentes, ad 6 mm longi. Siipulae bene 
evolutae, in foliis inferioribus ramulorum oblique vel falcato^lanceolatae, 
margine serratae, supra virides infra dilute glaucae, utrinque fere glabrae, 
5x1, 6x1.5, 8x1.5, 1 1 X 2.5 inm*6tc. ttiagnae, in superioribus oblique 
ovatae, apice breviter acuminatae, basi leviter cordatae, margine denti*. 
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culatae, supra virides basi pauci-glandulosae, infra glaucae, utrirtque primo 
pubescentes demum glabrescentes, 8 x 5, 10.5 x 6.5, 14 x 8 mni etc. magnae. 
AmefUa ^ praecocia densiflora oblongo-cylindrica, ante anthesin vlllosissima, 
aspectu iis S. iMch 
schemtzianae Toepf- 
PER simillima, sub 
anthesi 3 '4cm longa 
1 .8^2.2 cm crassa, 
basi sessilia bracteo- 
foliis 1-3 anguste 
ovatis apice obtusis 
margine integerrimis, 
utrinque albo-villosis, 
colore viridibus par- 
tim nigrescentibus, 
circiter 5 mm longis 
2-2.5 mm latis suf- 
fulta. Bracteolae ob- 
longae vel obovato- 
oblongae, superne 
acutae, deorsum sub- 
cuneatae, utroque 
margine infero nunc 
glandulosae nunc fere 
integrae, dimidia vel 
majore parte supe- 
riore nigrae, inferiore 
pallidae, medio interdum rubicundae, utraque facie dense albo-villosae, 
3.4“3.6mm longae 1.3-1 .5 mm latae. Glandule una ventrnlis oblonga 
apice truncate 0.7-0.9 mm longa 0.4 mm lata. Stamina 2, filamentis vulgo 
glabris 8.5-10.0 mm longis, e basi ad totae longitudinis vel apicem 
usque connatis. Antherae ovales, flavae, apice tantum rubicundae, 1 mm 
longae. 

Nom. Jap. Yoiti-yanagi Yamamoto nom. nov. in litt. 

Hab. Japonia. Ins. Yezo.— Prov. Siribesi: ad ripas fl. Hugoppe, in 
vidno oppidi Yoiti, (1. Yamamoto n. 6641 t A* [typus] 25 Apr. 1937 
in Herb. A. Kimura, fol. 20 Jul. 1936 ; n. 6642 t A- 25 Apr. 1937, 
fol, 20 Jul. 1936r n. 8049 st. 4 Jul. 1937.— A. Kimiira n. 2753 st. & 
n. 2754 at. 10 Aug. 1937). 



Fig. 3. Salix Iwahisana KimI’RA. A Flos t ex n. 6641. 
B Idem ex n. 6642. C Idem ex n. 6641, bracteola fore 
integra, filamentis nondum satis exsertis. I) Anthera a facie. 



316 


A. KIMURA 


Hanc formam a Salice gracilistyla Miquei. et S. Lackschewitziana var. 
typica Kimura esse hybridam vix ullo dubio caret. Ab ilia habet vesti- 
mentum ratnulorum, folia recentissima utrinque villosissima, aduUa supera 
facie stomatifera, nervos tertios superiorum foliorutn crebros et regulares, 
florum bracteoias antice acutatas nec non antheras figura ovales. Cum 
hac communia habet: staturam arborescentem, ramulos saltern hieme 
pruinosos, sub prelo facilius nigrescentes, foliorum texturam et colorem, 
stipulas supernas majores et ovatas, amenta villosissima et crassissima, 
florum bracteoias basi saepe glandulosas, antheras flavas solum apice rubi- 
cundas. Character fllamentorum figura et magnitude glandulae inter 
parentes fere media. — In honorem collectoris Iwahisa Yamamoto nominate. 

36) Salix brachypoda (Trautvetter & Meyer) Komarov in Act. Hort. 
Petrop. XXXIX. p. 49 (1923) (PI. Austro-Ussur.). — Nazarov in Komarov, 
FI. Union. Rer. Sov. Soc. V. p. 122, 709 (1936). 

Syn. Salix repens var. brachypoda Tracitvetter & Meyer in Midden- 
DORFF, Reise Sibir. I. pt. 2, Bot. abt. 2, p. 79 (1856) (FI. Ochot.). — 
Trautvetter in Maximowicz, Prim. FI. Amur. p. 245 (1859). 

Salix repens subsp. rosmarinifolia var. flavicans Andersson in Kongl. 
Svensk. Vetensk. Akad. Handl. VI. 1, p. 116 (1867) (Monogr. Salic.). 

Salix repens var. y flavicans Andersson in De Candolle, Prodr. XVI. 
2, p. 238 (1868).— Seemen in Ascherson & Graebner, Syn. Mitteleur. 
FI. IV. p. 128 (1909). 

Salix repens Fr. Schmidt in Mem. Acad. Imp. Sci. St. Petersb. ser. 
7, XII. 2, p. 61 (1868) (Reise Amurl. Sachal.). — Komarov in Act. Hort. 
Petrop. XXII. p. 29 (1903) (FI. Mansh. II.). — Nakat in Jour. Coll. Sci. 
Tokyo Imp. Univ. XXXI. p. 214 (1911) (FI. Korea. II.). — Matsumura, 
Shokubutsu-MeM, ed. 9, II. p. 354 (1916). 

Salix sibirica Nakai in Tokyo Bot. Mag. XXXII. p. 30 (1918) ; FI. 
Paiktusan p. 63 (1918) ; in Bull. Soc. Dendr. France no. 66, p. 10 (1928). 
— Matsumura, Shokubutsu-Mei-I, ed. 10, II. p. 597 (1922). 

Salix sibirica var. brachypoda Nakai, FI. Syl. Korea. XVIII. p. 158 
(1930). 

Salix finalis Kimura in Jour. Fac. Agr. Hokkaido Imp. Univ. XXVI. 
4. p. 451 (1934) (Miyabe & Kudo, FI. Hokkaido & Saghal. IV.).— 
Nemoto, R Jap. Suppl. p. 106 (1936). Syn. nov. 

Norn. Jap. Numa-kinuyanagi Nakai in Tokyo Bot. Mag. XXXII. p. 
30 (1918).— Safan-yonagi Kimura 1. c. p. 452 (1934). 

Hab. Japonia. Sachalin austr.— Distr. Sikka: Higasiyama. ad lat. bor. 
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c. 60* (T. Miyake st [typus S. finalis] 28 Aug. 1906 in Herb. Fac. Agr. 
Hdckaido Imp. Univ.). 

Solids /{no/ts, specimen originale floribus caret sed certe ad banc per- 
tinet. Nova civis florae Sachatinensis. Salix sibirica Kudo in Jour. Coll. 
Agr. Hokkaido Imp. Univ. XII. 1, p. 30 est S. Kudoi Kimuka. 

37) Salix Pet-auau Kimura nom. nov. 

Syn. Salix viminalis (non Linnaeus) Sugivama, Hokkaido-Zyumokusiryo 
n. 158 (1890). — Miyabe in Tokyo Bot. Mag. VI. append, p. 8 (1892) 
(Miyabe & JiMBO, Ainu names of Hokkaido plants p. 8) ; in Jour. Tokio 
Geogr. Soc. XIV. p. 54 (1892) (Miyabe & Jimbo, Ainu Names of Hok- 
kaido Plants p. 19). — Matsumura, Shokubutsu Mei-1 p. 261 (1895); 
Index PI. Jap. II. 2, p. 15 (1912). — Tukubuchi in Tokyo Bot. Mag. X. 
p. 124 (1896). — Seemen, Salic. Jap. p. 50, t. 9, F- K (1903) quoad pi. 
ex Jesso et Sachalin. — Leveiixe in Bull. Acad. Intern. Geogr. Bot. XIV. 
p. 209 (1904); ibid. XVI. p. 146, 148, 151 (1906).— Miyabe & Miyake, 
Karahuto-Syokubutu-Tyosa-Gaiho p. 17 (1907) ; FI. Saghal. p. 428 (1915). 
— Making & Nemoto, Cat. Jap. PI. Herb. Nat. Hist. Dept. Tokyo Imp. 
Mus. p. 311 (1914). 

Salix viminalis L. var. yezoensis Schneider in Sargent, PI. Wilson. 
III. p. 158 (1916). — Miyabe & Kudo, Icon. Ess. For. Trees Hokkaido, 

1. p. 58, t. 17 (1921). — Kudo in Jour. Coll. Agr. Hokkaido Imp. Univ. 
XII. 1, p. 30 (1923) (Contr. FI. North. Saghal.) ; Rep. Veg. North. Saghal. 
p. 100 (192-1).— Making & Nemoto, FI. Jap. ed. 1, p. 1130 (1925); ed. 

2, p. 173 (1931). 

Scdix Gmelini Pallas var. yezoensis Kimura in litt. ex Gorz, Sched. 
ad fasc. I. Salic. Asiat. p. 16 (1931) ; in Fedde, Rep. Sp. Nov. XXXII. 
p. 387 (1933). 

Salix yezoensis Kimura in Tokyo Bot. Mag. XLV. p. 28 (1931) ; in 
Sci. Rep. Tfihoku Imp. Univ. 4 ser. Biol. VI. 2, p. 190 (1931) (Contr. 
Salic. Jap. IV.) ; in Jour. Fac. Agr. Hokkaido Imp. Univ. XXVI. 4, p. 
430 (1934) (Miyabe & Ktino, FI. Hokkaido & Saghal. IV.). — Tatewaki, 
For.-Assoc. & Lign, FI. Uryu Univ. Exp. For. I. p. Ill (1932). — Hara 
in Tokyo Bot. Mag. XLVIII. p. 800 (1934).— Nemoto, FI. Jap. Suppl. 
p. 118 (1936). 

Salix serotina Pallas var. yezoensis Kimura ex G6 rz in Fedde, Rep. 
Sp. Nov. XXXVI. p. 26 (1934) (G6rz, Sched. ad fasc. III. Salicac. Asiat.) 
in nota ad S. serdinam. 
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Notn. Jap. Kinuyatut^ (non Iwasaki Kwanen'\ Honz6zuhu LXXXI. 
fol. 17 verso & 18 recto) Sugiyama, Hokkaido-Zyumokusiryo n. 158 
(1890). - Miyabe in Tokyo Bot. Mag. VI. append, p. 8 (1892) (Mptabe 
& JiMBO, Ainu names of Hokkaido plants p. 8). — Uraziroyanagi Sugi- 
yama, Hokkaido-Zyumokusiryo n. 158 (1890). — Ginyanagi Shirai in Tokyo 
Bot. Mag. XII. p. Ill (1898).— Yezono-Amuynnagi Kimur A in Jour. Fac. 
Agr. Hokkaido Imp. Univ. XXVI. 4, p. 430 (1934) (Miyabe & Kudo, 
FI. Hokkaido & Saghal. IV.). 

Nom. Ainu. Petsmu Jimbo in Tokyo Bot. Mag. VI. append, p. 8 (1892) 
(Miyabe & Jimbo, Ainu names of Hokkaido plants p. 8). — Yayaisusu 
Jimbo in Tokyo Bot. Mag. VI. append, p. 8 (1892) (Miyabe & Jimbo, 
Ainu names of Hokkaido plants p. 8). 

Huic iterum nomen novum imposui, quod nomen Salicin yezoensis cum 
S. jessoensis homonymum esse puto. 

var. angustifolia (Kimura) Kimura nom. nov. 

Syn. Salix yezoensis Kimura var. angustifolia Kimura in Sci. Rep. 
Tohoku Imp. Univ. 4 ser. Biol. VI. 2, p. 194 (1931) (Contr, Salic. Jap. 
IV.) ; in Jour. Fac. Agr. Hokkaido Imp. Univ. XXVI. 4, p. 430 (1934) 
(Miyabe & Kudo, FI. Hokkaido & Saghal. IV.).-- Nemoto, FI. Jap. 
Suppl. p. 118 (1936). 

var. abbreviata (Kimura) Kimura nom. nov. 

Syn. Salix yezoensis Kimura var. (Abreviata Kimura in Jour. h'ac. 
Agr. Hokkaido Imp. Univ. XXVI. 4, p. 431 (1934) (Miyabe & Kudo, 
FI. Hokkaido & Saghal. IV.). Nemoto, FI. Jap. Suppl. p. 118 (1936). 

38) Salix Kimurana (Miyabe & TatRwaki) Miyabe & Tatewaki in 
Trans. Sapporo Nat. Histr. Soc. XIV. p. 255 (1936) ; in Proc. Imp. Acad. 
Tokyo XIII. p. 26 (1937). — Kimura in Sci. Rep. Tohoku Imp. Univ. 4 
ser. Biol. XII. 1, p. 103 (1937) (Symb. Iteolog. III.). 

Syn. Salix herberifolia Pallas var. Kimurana Miyabe & Tatewaki 
in Trans. Sapporo Nat. Hist. Soc. XIV. p. 84 (1935). 

Specimina ampla nuperrime vidi a B. Yoshimura et M. Hara loco 
classico lecta. Floribus variat: 
form, typica Kimura nom. nov. 

O Kinuiianagi ab Iwasaki Kwanen L c. cam icone bene iUintrate et deecripte a. Saties 
Pet-$utu aliena est et speciem certe propriam eflkit lUa salix in Japonia statu culto 
vttiReriter, sed nequaquain spontanee, occiirrit, atque i tantum; fieri potest, ut ex Korea 
antiquis temporibus introdoeta sit. 
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Ovaria superne latere dorsali et ventral! parce crispo'pilosa, stipitibus 
pilosis. 

Hab. Japonia. Sachalin austr.- Distr. Sikka : the upper Rukutama, 
(M. Kawashima [typus] 2 Aug. 1935; n. 1, 16 Jul. 1935). 

form, hebecarpa Kimura form. nov. 

A typo recedit ovariis dimidia superiore parte plus minusve dense 
crispo-pubescentibus. 

Descr. specim. originalis. — Flores paullum post anthesin : Bractedae 
obovatae apice rotundatae utrinque hirsutae circiter 1.8 mm longae 0.9- 
1.0 mm latae. Glandula una ventralis ovata apice truncate 0.6-0.7 mm 
longa circiter 0.5 mm lata. Ovaria 3 mm longa dimidia superiore parte 
crispo*pubescentia, inferiore glabra ; stipitibus pilosis 0.7-0.8 mm longis ; 
stylis 0.5-0.6 mm longis. SHgmaUx bifida, laciniis 0.3 mm longis. 

Hab. Japonia. Sachalin austr. - Distr. Sikka : Mt. Sekkaizan, the upper 
Rukutama, (B. Yoshimura & M. Hara [typus form.] 15 Jul. 1937 in 
Herb. Fac. Agr. Hokkaido Imp. Univ.). 

form, psilocarpa Kimura form. nov. 

A typo recedit ovariis stipitibusque glaberrimis; ceterum ut in typica. 

Descr. specim. originalis. — Fiores 4- paullo post anthesin : Bracteolae 
obovatae apice rotundatae pro maxima parte nigrescentes utrinque hirsutae 
circiter 1.7 mm longae 1.0 mm latae. Glandula una ventralis ovata truncata 
0.7 mm longa 0.4 mm lata. Ovaria glaberrima 3 mm longa ; stipitibus 
glaberrimis 0.8 mm longis ; stylis 0.7 mm longis. Stigmata bifida, laciniis 
circiter 0.3 mm longis. 

Hab. Japonia. Sachalin austr.— Distr. Sikka : Mt. Sekkaizan, the upper 
Rukutama, (B. Yoshimura & M. Hara [typus form.] 15 Jul. 1937 in 
Herb. Fac. Agr. Hokkaido Imp. Univ.). 

39) Salix araeostachya Schneider in Sargent, PI. Wilson. III. p. 96 
(1916). — Handel-Mazzetti, Symb. Sin. VII. p. 60 (1929). — Gorz in Bull. 
Fan Mem. Inst. BioL (Bot.) VI. 1, p. 1 (1935) (Addit. ad Salicol. Sin.). 
— Shun-Chin Lee, Forest Bot. China p. 189 (1935). 

Syn. Salix tetrasperma Burkiix in Jour. Linn. Soc. XXVI. p. 533 
(1899) {p. p. non Roxburgh) Hde Schneider. 

Genamae steriles in axillis adultoruM foliorum ovatae apice acutae, 
hitere carinatae, fusco-brunneae fere glabrae, circ. 5 mm longae. Perula 
geinmalis latere ventral! libera et imbricata. Folia adulta supera fade 
non stomatifera. Petioli eglandulosi. — Propter gemmarum naturam pri- 
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mitivam est subgen. Protiteae Kuiura subjungenda. 

Hab. in Sina australi; Yunnan & Szechwan. — Specimina examinata: 
Yunnan : “ Between Muang Hai and Keng Hung, on the banks of |Aie 
Nam Ha, at 1260m. altitude”, (J. F. Rock n. 2474 -?• 15 F*h. 1922); 
Mengtsze, southeastern mountain forests, 5000', (A. Henry n. 11250 
tree 10'); Tsing-pian, alt. 1500 m, in ravine, (H. T. Tsai n. 52561 
shrub 14 ft. 9 Jan. 1933) ; “ Shweli River drainage basin to summit of 
Shweli'Salween water-shed east of Tengyueh, tree 30 ft. on Kuyung plain 
along watercourses ”, (J. F. Rock n. 7697 J* Nov. 1922) ; “ Shweli- 
Salween, 30-40 ft.”, (G. Forrest n. 25149 $ 1924-25).— Szechwan 
australis ; “ Ningyiianfu. Bach bei Sitchi. Baum bis 6 m ”, (C. K. Schnei- 
der n. 923 17 Apr. 1914). — Omnia in Herb. Arb. Arnoldiani conser- 

vata. 

40) Salix Cavaleriei Leveille in Bull. Soc. Bot. France LVI. p. 298 
(1909) ; FI. Kouy-Tcheou p. 181 (1915) ; Cat. PI. Yun-Nan. p. 251 (1917). 
— Schneider in Sargent, PI. Wilson. III. p. 101 (1916).— Handel-Maz- 
ZEm, Symb. Sin. VII. p. 61 (1929). — Rehder in Jour. Arnold Arb. X. 
p. 113 (1929). — Shun-Chin Lee, Forest Bot. China p. 192 (1935). 

Syn. Salix polyandm Leveille in Bull. Soc. Agr. Sci. Sarthe XXXIX. 
p. 325 (1904) (Bouquet FI. Chine, 10) ; in Fedde, Rep. Sp. Nov. VI. p. 
377 (1909) ; in Bull. Soc. Bot. France LVI. p. 300 (1909). 

Salix Pyi Leybille in Bull. Soc. Bot. France LVI. p. 300 (1909). 

Salix yunnaneruia Leveille in Bull. Soc. Bot. France LVI. p. 301 
(1909). 

Salix tetrasperma (non Roxburgh) Diels in Not. Bot. Card. Edinburgh 
VII. p. 91 (1912) (PI. Chin. Forrest.) sec. Schneider. 

Gemmae nondum satis evolutae visae, perulis ventre liberis et imbricatis. 
Folia supera facie non stomatifera. Petioli eglandulosi. In subgen. Avrfi- 
team Kimura collocanda. 

Hab. in Sina australi ; Yunnan. — Specimina visa : “ nSrdlkh von Yun- 
nanfu zwischen Ssiaomakai und Schinlung bei heisser Quelle bis 4 m ”, 
(C. K. Schneider n. 4030 $ fl. 9 Mart. 1914) ; “ Mai. Grand saule 
buissonnant. Graine noire en epis. Bord de la riviere k Ta-kiao, altit. 
2500 m ”, (E. E. Maire n. 521 -?-) ; loco special! non indicato, (G. Forrest 
n. 9609 ^) ; “ Prope urbem Yiinnanhi, Jid regionis calide tempepatae 
rivum supra vie. Sandjia copiose. Substr. atenaceo ; alt. s. m. ea. 2100 m ”, 
{Handbl-Mazzeto n. 13062 -?- & ^ 5 Apr. 1917).— Omnia in Hath. 
Adb. Anuddiani conservata. 
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41) Salix azBolana Blanco, FI. Filip, ed. 2, p. 539 (1845) ; ed. 3, III. 
p. 188 {1879).— ? Salix tetrasperma Roxburgh, PI. Corom. I. p. 66, t. 97 
(1795). 

Gemmae glaberrimae, perulis ventre liberis et imbricatis. Folia adulta 
supra non stomatifera. Petioli eglandulosi. Ad subgen. Protiteam Kimura 
pertinet. 

Hab. Ins. Luzon.— Vidi specimina 4- & $ ex Bosoboso prov. Rizal 
in Herb. Hort. Bot. Noveboracensis conservata. 


EXPLICATIO TABULARUM 
TAB. XL 

Toisochosenia Tatewakii KiMiiKAf Typus. 
Hamuli amentiferi. 

TAB. XII. 

Salix Iwahisana Kimuka, Typus. 

Hamuli amentiferi. 

TAB. XIII. 

Salix iwahisana Kimura. 

Hamuli cum foliis adultis. 
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INTRODUenON 

The zoological survey of Mutsu Bay carried out by the staff of the 
Asamushi Marine Biological Station chiefly during the years 1927-28, has 
yielded valuable material to increase our knowledge of chitons occurring 
in that region whole collection embraces 21 species as listed below, 

of which 4 spedes (6, 7, 13, 19) kre new to science and 3 (3, 4, 5) 

- 1 - ■ ^ ■■ , ^ _ 

CaatribMtMHi from tha Marine Biological Station, Asamushi, Aomort«ken. No. 145. 
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the southernmost species and 2 (18, 21) the northernmost representatives 
of this group of animals. 

1. Lepidopleurus hakodatensis Thiele 

2. L. assimilis Thiele 

3. Tonicella lineata (Wood) 

4. T. ruber (Linne) 

5. r. submavmorea (Middendorff) 

6. Spongioradsia foveolata^ nov. sp. 

7.. Mopalia hirsuta, nov. sp. 

8. Placiphorella stimpsoni (Gould) 

9. Acanthochiton rubrolineatus (Lischke) 

10. A, achates (Gould) 

1 1 . Cryptoplax japonica Pilsbry 

12. Ischnochiton comptus (Goui.d) 

13. /. paululus, nov. sp. 

14. hchnoradsia hakodadensis (* Carpenter ' Pilsbry) 

15. Lepidozona coreanica (Reeve) 

16. L. albrechti (Schrenck) 

17. L. mertensi (Middendorff) 

18. Rhyssoplax kurodai (Is. Taki et Iw. Taki) 

19. R. tectiformis, nov. sp. 

20. Liolophura japonica (Lischke) 

21. Lucilina amanda Thiele 

According to Thiele’s system the class Loricate is composed of 6 
families and 43 genera, and the species listed above belong to 6 families 
and 11 genera, that is to say, they are distributed* among all families of 
this class. 

Of all the species collected from Mutsu Bay, 14 species (1, 3-5, 8-12,^ 
14-16, 18, 20) are those found on the Pacific coast, 16 (1-6, 8-12, 14- 
16, 18, 20, 21) on the coast of the Japan Sea and 4 (6, 7, 13, 19) are 
peculiar to that locality. This means that the predominating species are 
common ones occurring along the coast ct the main island of Japan and 
2 species (2, 21) are those strictly confined to the Japan Sea and 1 (17) 
is that uncertain about its distribution in other regions of Japan* There- 
fore it is hard to say which faunistic region Mutsu Bay belongs to, be- 
cause it does not show any feature of characteristic of its own* As the 
warm Tugaru current flows through the straits from tiie Ji^pan Sea to 
the Pacific, the fauna of Mutsu Bay seems to be much influenced by that 
current. Thus l^pidofdeurua assimilis (2) and LuoUina amanda (21) occur 
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in Mutsu Bay as well as in the Japan Sea. Furthermore in Mutsu Bay 
the number of species found in the Japan Sea excels that found in the 
Pacific coast by two species. It seems more reasonable to consider Mutsu 
Bay from the chiton fauna as a region of the Japan Sea than as that of 
the Pacific. 

The chiton fauna of Mutsu Bay are composed of forms of the circum- 
polar, the northern Pacific, the temperate zone and the tropical regions. 
Of these elements Tonicella rvber (4) may be mentioned as the circum- 
polar species; the 2 species of Lepidopleurus (1, 2), the 2 species of 
Tonicella (3, 5), IKaciphorella sHmpsoni (8), Ischnoradsia hakodadensis 
(14) and the 2 species of Lepidozona (16, 17) may be regarded as peculiar 
to the northern Pacific ; the 2 species of Acanthochiton (9, 10), Cryptoplax 
japonka (11), Lepidozona coreanica (15), Rhyssoplax kurodai (18), Liolo- 
phura japonica (20) and Lucilina amanda (21) are the temperate zone 
forms ; Ischnoehiton comptus (12) is a member of the tropical species. 
The remainders are endemic to this locality. 

The genera Lepidopleurus, Ischnoehiton and Acanthochiton are world- 
wide in their distribution, although the first is u.sually found in the deep 
seas, and the latter two are known as the representatives of the littoral 
forms. Tonicella, Spongioradsia, Mopalia and Haciphorella are only known 
from the circumpolar region ; Cryptoplax appears to flourish better in th<‘ 
coral reef of tropical Australia; Istdmoradsia and Liolophura show the 
bipolarity in their distribution occurring in the temperate zones of the 
both hemispheres, and Lucilina is one of the representatives of the Indo- 
west-Pacific region and Mutsu Bay may be regarded as the northern 
boundary of its distribution. 

The species of chitons described in the following pages were collected 
by the members of the Asamushi Marine Biological Station, supplemented 
by the specimens from other sources including those collected by my 
brother, Iwao Taki. 

1 am greatly indebted to Prof. S. Hozawa, who has given me a rare 
privilege to work out the valuable material and to those gentlemen. Dr. 
K. Kokubo, Dr. S. Takatuki, Mr. H. Sato, Mr. Kamada and Mr. It6, 
who ocdlected the materials at Mutsu Bay. I must also express my hearty 
Blanks to my friends too many to mention here, especially to Messrs. 
Epmot Asmr , Kvdzi Awaya, Kikutar6 Baba, J. R. M. Bergenhayn, 
Davy J. Dean, Ken'iti Ebina, Sigbo Emura, Yosine Hada, KazuitI 
Hatakbda, SiNTARO HiRASE, Hvzio HiRO, Yosiyaso Hosoyamada, 
MABABt; HoMr AiTUSi HuziTA, Tadasi Huzita, Takeo Imai, Ken’iti Ina- 
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ZAWA, Takasi Ino, Tuneiti Kamita (and his pupils), Tosiharu Kamohara, 
K6mRo Kanda, Sued Kaneko, Tadao Kano, Kanzaemon Kikuti, 
ToRAiTiRd Kinosita, SiGEO KoBAsi, Hisamatu Kohori, Tokubei Kuroda, 
Daniel B. Langford, John S. Mackay, MoitirA Maki, Denzaburo 
Miyazi, Takuo Mimura, Tamez6 Mori, Zyuniti Morita, Yaitiro Okada, 
Kiyosi Okamoto, Siro Okuda, Katura Oyama, Takamide Sasamori, 
Kaoru Sasamoto, Syuhei Sonehara (and his pupils), RyOsyo Sugimoto, 
D. Thaanum, Keizo Takahasi, Sadae Takahasi, Kitaru Takagi, Sigeru 
Takagi, Kiyosi Takewaki, Ryuzo Tanaka, Genzo Toba, Tomoe Urita, 
Renzi Wada, Wasaburo Yagura, Tomosaburo Yamada, Hirosi Yosida 
and Miss Yaeko Yamamura, whose incessant contributions to the collec- 
tion of material have enabled me to get a general aper^u of the fauna of 
the western Pacific chitons. Besides the collection at the Museum of the 
Zoological Institute, Science Faculty, Tokyo Imperial University, other 
material came from the “ Soyo Maru ” expedition, from the Oceano- 
chemical Institute, Tohoku Imperial University, Onagawa, from the Saito 
Hoonkai Museum and from the Tokyo Science Museum. 

Throughout the course of the present investigation suggestions were 
received from Drs. N. Yatsu and S. Tanaka, to whom I gratefully 
acknowledge my indebtedness. 

DESCRIPTION OF SPECIES 

Class LORICATA 
Order I LEPIDOPLEURIDA 
Family LEPIDOPLEURIDAE 

Genus LEPIDOPLEURUS RiSSO 1826' 

f 

I. Lepidopleurus hakodatensis Thiele 1909 

PI. XIV, fin. 1 ; PI. XVI. figs. 1 4, 6-8. 14; PI. XVII, figs. 6-8. 

Lepidopleurus hakodatensis 

Thiele (1909) Zoologica, Heft 56, S. 10-11, Taf. 1, Fig. 11-20. 

Body small, elongate elliptical in outline, strongly vaulted at the back ; 
valves of nearly e^ual breadth ; girdle moderately vide and widest at the 
middle part of the body. 

Head valve semicircular in outline, faurly elevated at the apex, orna- 
mented with fine, flattened, round granules, tending to give a form of 
distinct radial riblets, especially emphasized at the pergihery. 

Median valves pearly equal in breadth, oblong in shape, exc^ingly 
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wider than long, thin, fragile, not beaked, strongly arched at the back ; 
lateral area not raised, but distinctly demarcated from the central area by 
the same sculpture as the head valve ; central area with fine granular, 
longitudinal lirae, their anterior edges protrude a little, though never form 
distinct denticles : sutural laminae small, hyaline, triangular in shape ; sinus 
wide, flat ; interior of valves almost smooth ; eaves narrow, a little porous 
in the tegmental portion. 

Tail valve semicircular in outline, almost equal to the head valve in 
width ; mucro nearly central, conspicuous, projecting posteriorly hut neither 
raised nor pointed ; central area fairly vaulted with sculpture similar to 
that of the median valves ; posterior slope slightly concave, sculptured like 
the head valve, margins of tegmentum finely crenulate throughout. 

Girdle not too much narrow, widest at about the middle of the body ; 
perinotum scales exceedingly minute, flat, oval in shape, narrowing toward 
the tip, rounded at the base, with 4 to 6 feeble lines at the apical portion, 
measuring 72 to 84/^ in length, 45 to d6/i in breadth; among these 
scales long, straight, more often slightly curved, smooth, pointed spinels 
are interspersed, being 120 to 130/^ long, 16 to 21 // thick (pi. XVI, fig. 6). 
Hyponotum narrow^ with a covering of excessively minute, roughly penta- 
gonal scales, often marked with 2 or 3 quite feeble striae near the? apical 
portion, measuring 18 to 52 in length, 26 to 30 ft in breadth, showing 
a tendency to grow long toward the margin so as to form elongate, 
pointed, more distinctly striated spicules, measuring 100-120/^ in length, 
20--30/-« in breadth; marginal spines small, straight, smooth, acute at the 
tip. 

Radula small ; central tooth broad, truncated at the front end with a 
well developed cusp, constricted a little near the base, slightly sinuated at 
the posterior end ; centrolateral thin, divided into two lobes by a longi- 
tudinal ridge at about the middle, outer lobe shallowly notched at the 
anterior angle, smooth, sharp in front; inner lobe often extending ante- 
riorly so as to form a small cusp; basal plate oblong; major lateral 
bicuspidate, outer one much thicker, longer than inner one; stalk thick, 
twisted strongly at about the middle ; inner small-lateral squarish in outline ; 
major uncinus long oar shape, dilated and cusped at the anterior edge ; 
outer marginal oblong, much longer than wide. 

All vAlves light yellow in colour, freckled here and there with easily 
removable coasting of dark brown, although disarticulated valves nearly 
white ; interior of valves also whitish ; girdle brownish yellow, 

Ctemdia, merobranclal adanal ; gills 13 or 14 on one side, ranging 
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from the 6th to the tail valve. 

Remarks : As pointed out by Thiele, the present species bears a close 
resemblance to L. <mimilis in all features, the distinctive differences of 
these two species being found in the shape and the arrangement of the 
tegmental granulations, in the structure of radula. Thiele figured the 
radula of this species and stated that the wing-like process of die centro- 
lateral extends anteriorly so as to embrace the basal part of the major 
lateral, whereas such a broad expansion can not be detected in the material 
before me. What he observed may be some structure other than the 
radula. 

Size : Head valve 3.5 mm ; 4th valve 4 mm ; tail valve 3.5 mm in 
breadth. Body 9 mm in length, estimated from the curled specimen. 

Locality: 1 specimen, off Imabetu, Station 113, no. 2379, collected 
by S. H6zawa in July, 1929. 

Distribution : Gulf of Amur ; Hakodate (type locality, Thiele) ; Mutsu 
Bay; off Yokohama. 

2. Lepidopleurus assimilit Thiele, 1909 

PI. XIV, fig. 2: PI. XV!, figs. 5, 9-13, 15; PI. XVII, figs. 9-11. 

? Chiton (JLeptochiton) concinnun 

(xOULD ^1859) Proceedings of the Boston Society of Natural History, Vol. 7, p. 164 
(not Chiton concinnus of Sowerby, 1840). 

(1860) Otia Conchologica, p. 117. 

? Leptochiton concinnus 

Carpenter, MS. p. 3, (fide Pilsbry) 

ScHRENCK (1867) Reisen und Forschungen im Araur-lande, Bd. 2, S. 599. 

Dali. (1878) Proceedings of the United States National Museum, pp. 316, 318. 

(1878) Bulletin United States National Museum, Vol. 1, p. 100. 

Dunker (1882) Index Molluscorum Maris Japonici, p. 158, 

? Lepidopleurus amcinnus 

Pilsbry (1892) Manual of Conchology, Vol. 14, p. 11. 

(1895) Catalogue of the Marine Mollusks of Japan, p. 113. 

Thiele (1909) Zoologica, Bd. 22, Heft 56. S. 11-12. 

Lepidopleurus assimilis 

Thiele (1909) Zoologies, Bd. 22, Heft 56, S. 11-12, Taf. 1, Fig. 30-39. 

Body small, oblong, nearly equal in width throughout the entire length; 
shell elevated, regularly arched, though not carinated ; girdle very narrow, 
nearly equal in breadth in all parts; eaves con^iarativdy broad, smooth, 
its tegmental portion brownish in colour. 

Head valve crescentic in outline, radier flat at the apex with numerous, 
closely placed, radial .series of minute, flattened, round granules, which 
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arranged rather irregularly near the apex, though forming distinct ribs at 
the periphery. 

Median valves nearly oblong in shape, exceedingly wider than long, 
neither beaked nor carinated ; jugum not defined ; granules of central area 
nearly round, flat, distinctly separated from one another, arranged trans- 
versely as well as longitudinally, forming slight denticulations at the front 
edge; lateral area not elevated, though distinctly defined, sculptured like 
the head valve, while granules less regularly arranged at the dorsal region 
than those of the head valve, showing a tendency to form distinct radial 
riblets at the periphery ; sutural laminae thin, small, triangular in outline, 
with a shallow sinus between them. Interior of valves almost smooth ; 
lateral region shallowly dented, marked with feeble concentric lines of 
growth ; pleural region covered with thick, smooth hypostracum, that 
makes it distinct from other adjacent regions ; jugal region striated closely 
with short, fine, transverse lines except for the front region. 

Tail valve semicircular in outline, somewhat broader than the head 
valve ; central area sculptured like the median valves ; posterior area slightly 
concave ; mucro situated near the centre with an obtuse end ; eaves rather 
broader than that of any other valve ; interior of valve smooth, with a 
thick layer of hypostracum ; there are 4 muscle impressions at the mucronal 
region. 

Girdle very narrow, almost equal in width in all parts, covered with 
minute scales, which are generally oval shaped, bluntly pointed at the tip, 
slightly curved ventrally, marked distally with 10 to 11 strong striations 
on the dorsal surface, being 80 to 86 /j? in length, 50 to 55/^ in breadth ; 
marginal spine long, smooth, nearly straight or slightly curved, interspersed 
among the marginal spicules, measuring 156 to 165/^ in length, 21 to 
23 in thickness ; hyponotum scale elongate oval in outline, distinctly 
striated with 5 to 8 longitudinal lines, measuring 60 to 90 long, 30 to 
40 broad, growing longer toward the margin passing over to an oblong 
marginal spicule, which has a length of 190/^ and a breadth of 33 /i, 
striated like the hyponotum scales. 

Radula vary small ; central tooth of nearly oblong shape, narrowing 
anteriorly with obtusely pointed cusp at the tip, weakly bilobed at the 
posterior end ; centro-lateral somewhat rolled inward on both edges, pro- 
duced and cusped at the anterior edge, slightly notched on both sides of 
cusp, with remarkably small basal-plate at about the middle ; major lateral 
much small, delic^e, arranged closely with one another, stalk twisted at 
about the middle, having a broad extension at the base, cusp with a small 



330 


1. TAKl 


process on the outside near the pointed end ; inner smalMateral squarish ; 
major uncinus of long oar shape with a small basal plate ; inner marginal 
oblong in shape, having a triangular extension at the middle part so as 
to cover the basal part of the major uncinus; middle marginal squarish 
in outline, bilobed a little at the posterior end, articulating with the ante- 
rior edge of the tooth situated immediately behind; outer marginal trapezoid 
in shape, much wider than long, becoming narrower distally. 

All valves with pale orange-yellow or ochraceous-bulf, usually Heckled 
here and there with a dark coating ; girdle uniformly coloured with cream- 
buff. 

Ctenidia, merobranchial, without a space between the last ctenidium 
and the anus, 9 (body length 9.5 mm) to 12 (body length 10 mm) on one 
side, reaching the tail from the 6th valves. 

Remarks : Thiele described L. hakodatensis from a specimen collected 
by Hilgendorf at Hakodate and others from Yokohama and the Gulf of 
Amur. He then was of the opinion that the characteristic features of L. 
concinnus, reported by Gould from Hakodate, do not agree well with 
those of L, hakodatensis and furthermore the name “ concinnus was 
applied already by Sowerby to another species, so that even if this species 
be identical with Gould’s species, the new name must be proposed. 

It is very difficult to determine decidedly Gould’s species from his 
rather insufficient description only. However careful examination of his 
descriptions seems to reveal that this form should refer to L. assimilis; 
for these two forms so well agree with each other in most features of 
shells, in the girdle and also in body size. 

While entirely agreeing the descriptions and figures of L. assimilis 
given by Thiele with the specimens from Mutsu Bay except for the details 
of the radula, in which, contrary to his statements, the central tooth is 
oblong and becomes a little narrower anteriorly, truncated at the base ; 
the centro*lateral is produced and distinctly cusped at the tip and never 
develops a thin plate in front so as to embrace the basal part of the 
major lateral. These differences concerning the structure of radula will 
be attributable to certain extent to the difficulty of observation, due to 
the fineness of the radula. 

Thiele took a small accessory process on the inner side of the cusp 
in the major lateral for a residue of the connecting thread with the 
opposite side of the cusp in the radular sheiith. However it may be more 
reasonable to consider it as a vestige of the inner cusp, which is often 
developed well in several other species of the genus. 
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Size 


^ODY 

Valves 

Length 

Breadth 

Head 

Tml 

4th 

6.0mm 

2.7 mm 

2 , 7 mm 

2.8mm 

3 . 35 mm 

9.5 

5.0 

2.6 

2.7 

3.25 

10.0 

6.0 

1.6 

1.7 

2.00 



2.25 

2.25 

2.50 



2.10 

2.25 

2.. 50 


Locality : 1 specimen off Kamome-sima, 2 specimens off Kanida 

collected by S. Takatuki in July, 1927 ; 6 specimens collected by Iwao 
Taki on August 11, 12 and 15, 1930, at the depth of about 30 m off 
Yunosima. 

Distribution ; Near Saghalien (P. Schmidt) ; near Vladivostok (P. 
Schmidt) ; Hakodate ? (Stimfson) ; Mutsu Bay. 


(Jrder II CHH ONIDA 
Family 1 LEPIDOCHITOMDAE 
Subfamily A LEPIDOCHITONINAE 
Genus TONICELLA Carpentkr 1873 

3. Tonicella lineata (Wood, 1815) 

PI. XIV, fig. 12: PI. XVllI, figs. 9 l.'S; PI. XIX. fig. 2. 


Chiton lineatus 

Wood (1815) General Conchology, or a description of shells arranged according to the- 
Linnean system, p, 15, pi. 2, figs. 4, 5. 

SoWERBT (1847) Conchological Illustrations, fig. 77. 

Reeve (1847) Conchologia Iconica, Monograph of the g(‘nus Chiton, Vol. 4, pi. 7, fig. 
33, species 33. 

Carpenter (1857) Report of the British Association for the Advancement of Science, 
1856, pp. 208, 214, 223. 

(1864) Ibidem, 1863, pp. 623, 648, 684 

Chiton {St€no$omus) lineatus 

Middendorff (1847) Memoires I’Acad^mie Imperiale des Sciences de Saint-Petersbourg, 
Ser. 6. Toma 6, pp. 77, 82, 84, 86, 90, 91, 173, Taf. 12, Fig. 8, 9, (Malacologia 
Roasica, pp, 109-112). 

Tonieia lineata 
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('arpknter (1867) Rep, Brit Assoc. Adv. Sci., 1856, p. 317, 

Carpenter (1864) Ibidem, 1863, pp. 648, 684. 

Adams, H. and Adams, A. (1858) The genera of recent Mollusca, Vol. 1, p. 474. 
Lepidochitona (Tonicelki) lineata 

Dai.l (1921) Smithsonian Institution United States National Museum, Bulletin 112, 

p. 188 . 

Tonicella lineata 

Carpenter, MS., p. 38, (6de Pilsbry). 

Dali. (1878) Proceedings of the United States National Museum, Vol. 1, pp, 296, 326. 

(1878) Smithsonian Institution United States National Museum, Bullentin 1, pp. 

78, 108-109, pi. 1, fig. 5. 

Wood and Raymond (1891) Nautilus, Vol. 5, p. 58. 

Pilsbry (1892) Manual of Conchology, Vol. 14, pp. 42 43, pi. 11, figs. 25-28. 

(1895) Catalogue of the Marine Mollusks of Japan, p. 114. 

WissEL (1904) Zoologische Jahrljficher, Abt. Syst., Bd. 20, S. 592-594, Taf. 22, Fig. 1- 
4; Bare Island. 

Berry (1917) Proceedings of the Californian Academy of Sciences, Ser. 4, Vol. 7, No. 
10, p. 234. 

(1922) Ibidem, Vol. 11, No. 18, pp. 433-435, pi. 2, figs. 15. 

Packard (1918) University of California Publications in Zoology, Vol. 14, No. 2, p- 292, 
pi. 34, fig. 3. 

Chace, E. P. and Chace, E. M. (1919) Loriquinia, Vol. 2, No. 6, p. 43, 

Thiele (1909) Zoologica, Bd. 22, Heft 56. S. 4. Nr. 87. 

Tonicietla lineata 

Thiele (1893) Das Gebiss der Schnecken, Bd. 2, Lief. 8, S. 390, Taf. 32, Fig. 3. 
Toniciella submarmorea 

Thiele (1893) Ibidem, S. 389, Taf. 32, Fig. 2. 

Body of moderate size, oval in shape, broadest at about the posterior 
third of the entire length; shells fairly elevated, more or less carinated 
at the back ; tegmental surface smooth, characteristically marked with 
dark-brown lines bordered above with white ; girdle rather narrow, leathery. 

Head valve of crescentic shape, smooth except for growth lines, solid, 
thick, straight at the posterior edge, with low but distinct apex, marked 
concentricaUy with somewhat irregular, rather zigzag or wavy, white lines 
upon the ground colour of light reddish; slits range from 8 to 10 in 
number; slit-rays radiated from the apex to the slits in correspondence 
with the number of the slits, provided with a series of small pores. 

Median valves roundly arched or subcarinated, beaked, oblong in shape 
with smooth surface, having similarly coloured longitudinal lines; lateral 
area scarcely raised, indistinct, sloping obliquely backward ; jugal area not 
defined in structure, though often marked with a narrow triangular, whitish 
line, or bordered with pink or reddish-brown ; sutural laminae short, broad, 
white, thick, crescentic in shape, separated by a deep, narrow, angular 
sinus ; eaves small, spongy ; teeth short, but sharply cut with a shallow 
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«lit on each side; slit-rays provided sparsely with small round pores, 
elongated and crowded near the slit ; callus slightly elevated at the border 
between the central and the lateral areas ; the greater part of the interior 
of valves nearly smooth except for the jugal area, which are striped with 
numerous faint, transverse, short lines. 

Tail valve oval shaped, always smaller than the head valve, its tegmental 
margin with an indication of false beaking in front; mucro not elevated, 
blunt, much anteriorly situated ; posterior area steep and nearly straight ; 
sutural laminae oblong in shape with a shallow, rather wide sinus between 
them, having slits, 8 to 10 in number, coloured like the head valve. 

Interior of valves tinged with rose colour at about the middle part 
and with white near the peripheral areas. 

Girdle rather narrow, leathery with the ground colour of light brownish 
yellow, tessellated indistinctly with brownish ; perinotum loosely beset with 
small, short, smooth, variously shaped, spinules, containing sometimes minute 
granules, having a length of dO to 60/^, a breadth of 12 to 20/', inter- 
mingling with minute, nearly straight, hyaline spicules, which are less in 
number than spinules, measuring 35 in length, 5 in thickness ; hypono- 
tum covered by thick, short, flat spinules, rather larger than that of the 
perinotum, obtusely pointed at the tip, faintly fluted distally with 4 to 5 
striae, 70 /i long, 30 // broad. 

Radula : Central tooth elongate-oblong in outline, dilated at the ante- 
rior half with round end, faintly sinuated at the middle on the anterior 
edge, truncated at the posterior end ; centro-lateral ridged axially at about 
the middle, bialate at the outer edge, basal plate thick, oblong in shape, 
obliquely placed and distinctly protruded outwardly, anterior edge smooth, 
sharp, not cusped, but a small extension at the middle, inner edge nearly 
straight; major lateral strongly developed, stalk thick, provided with a 
small wing at the anterior end on either side and two shallow axial grooves 
on the ventral side, base slightly twisted, truncated at the end ; innermost 
of three cusps separated from middle one by a broad notch, while outer 
and middle ones divided by a shallow notch, outer one the thickest, to 
which middle one nearly equal in length or somewhat longer than it ; 
inner small-lateral broad, roughly triangular in shape ; peculiarities of major 
uncinus found in the remarkably long, triangular basal plate and consider- 
ably numerous fine cusps at the cutting edge, 50 or more in number, closely 
arranged along the edge; outer-marginal broad with a slight sinuation 
at the anterior edge, posterior edge protruding a little backward ; middle- 
marginal oblong shaped, articulating closely with triangular inner-marginal. 



334 


I. TAKI 


Ctenidia, with a wide space between the last ctenidium and the anus,, 
occupying almost entire length of the foot, but slightly separated from 
both ends of the foot, 1 6 on one side in the specimen 10 mm long, 25 or 
26 in the specimen 30 mm long. 

Remarks : The present species is one of the handsomest chitons found 
in the Pacific region. It has drawn much attention of many authors and 
was fully described by Middendorff (1847) and Pilsbry (1892) with 
respect to the characteristic features of the shell. Dall (1878) and "1 hiele 
(1893) figured respectively the radula of this species and Wissel (1904) 
revised the results of the latter author, though all the figures and the 
descriptions are far from being satisfactory, Thiele’s results agree better 
with the preparations before me than Wissel’s. The discrepancies of 
these results of the previous authors seem to be caused by the different 
angles from which the material is seen. The structure of this organ i& 
shown in detail in PI. XIX, fig. 2. 

The animal usually grows over 35 mm in length, though the specimens 
under my examination are very small. Such individuals are never found 
in the littoral zone but are always collected at some depths. 

It is interesting to note that the flatter the specimens, the farther 
south do they occur and that the specimens from Mutsu Bay agree well 
with forms from Alaska and northern Canada regarding the divergency 
of the shell. 


Size and divergency 


Body 


Sheix 

• 


Length 

Breadth 

Head 

6th 

-Taii. 

Divergence 

Authors 

37.0mm 


— 

— 

— 

120' 

Pilsbry 

30.5 

— 


— 


— 

Packard 

30.0 

15.0 

— 

— 

— 

— 

Pilsbry 

:i0.0 

— 


1 

— 


Middendorff 

16.0 





120' 



— ' 

3.75 

4,80 

2.80 

— 

Taki 

— 



4.40 

2.75 

lOO’ 

(Mutsu Bay) 

5.4 

— 

2.50 

3.10 

1.90 

— 
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I/)cality: Off Kanida, 3 specimens (no. 1716) collected by S. Taka- 
TUKi in July, 1927 ; 1 specimen at Yunosima by IwAO Taki on August 
15, 1930. 

Distribution : Bering Straits south, on both coasts ; from Japan and the 
Okhotsk Sea to the Bay of Monterey, California including whole the 
Aleutian Islands. 

Bering Straits ; 

Norton Sound (Berky), Aleutian Islands (Pilsbry). 

Asiatic coast; 

Siberia ; Plover Bay (Berry), Okhotsk Sea (Dau., Pilsbry). 

Japan ; 

Hokkaido, Okusiri-zima (T. Kinosita), Honsyu, Mutsu Bay. 

West coast of North America; 

Alaska (Dall), Sitka ; Unalascka (Middendorff), Forrester Island 
(Berry). 

Canada ; 

Vancouver (collection in the Museum, Tokyo Imp. IJniv. Zool. Inst.). 
U. S. A. ; 

Washington, D. C., California, Bonita Point, San Francisco Bay 
(Woou and Raymond, Packard), Monterey Bay (Pilsbry, collec- 
tion in the Museum, Tokyo Imp. Univ. Zool. Inst.), San Miguel 
Island, Santa Barbara (Berry), San Diego (Dall), San Pedro 
(Pleistocene fossil, Chace; Berry). 

4. Tonicella ruber (Linne, 1767) 

PI. XIV, Hr. 3; PI. XVII, Hrs. 14; PI. XVIIT. fiRs. 1-.5. 


Chiton ruber 

Linne (1767) Systema Naturae, 12th od. p. 1107. 

Lowk (1825) Zoological Journal, Vol. 2, p. 101, pi- 5, fig. 2. 

SoWRRBT (1839) G>nchological Illustration, Chiton, figs. 103, 103 a, 104. 

Gould (1841) Report on the Invertebrata of Massachu.sett.s, p. 149, fig. 24. 

Hbeve (1847) Conchologia Iconica, Monograph of the genus Chiton^ Vol. 4, pi. 26, fig. 
176. 

Forbes and Hanley (1863) A List of British Mollusca and Their Shells, Vol. 2, p. 399, 
PI. 59, fig. 6; pi. AA, fig. 6. 

Hanley (1855) The Shells of Linnaeus, Ipsa Linnaei Conchylia, p. 17. 

Jeffreys (1865) British Conchotegy, Vol. 3, p. 224. 

(1869) Ibidem, Vol. 5, p. 199, pi. 56, fig. 4. 

BfNiiEY (1870) Gould’s Report on the Invertebrate of Massachusetts, 2nd ed., p. 260, 

fig. 523. 
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Chiitm tuber 

Middendorff (1848) M4moires de VAcadetnie Imperiale de« Sciences de Saint-Paters* 
bourg, Ser. 6, Tome 6, pp. 81. 83, 87, 88. 90, 92. 181-184. Taf, 12, Fig, 5; (Malaco- 
zoologia Rossica, pp. 117-120): Eismeer KUste des Russischen Lapplandes: GrOn- 
landischc KUste: Norwegische KUste. 

LeptochiUm ruber 

Adams, H. and Adams, A. (1858) The Genera of Recent Mollusca, Vol. 1, p. 473. 

Chkim (Lepidopleurus) ruber 

Jeffreys (1865) British Conchology, Vol. 3, p. 210. 

Boreochiton ruber 

Sarp, G. O. (1878; Mollusca Regionis Arcticae Norvegicae, p. 116, Tab. 8, figs. 4a-i; 
Tab. 11, figs. 3a~c; Northern sens, whole coast of Norway, low water to 40 fms. 

Trachydermon ruber 

Carpenter (1873) Bulletin of the Essex Institute, Vol. 6, p. 153. 

Dall (1878) United States National Museum, Bulletin 1, pp. 102-104; Kamchatka; in 
Alaska from the Pribiloff Islands to Attu and southward to Sitka; Bering Straits 
northward. 

(1878) Proceedings of the United States National Museum, Vol. 1, p. 320. 

P1L8ERY (1893) Manual of Conchology. Vol. 15, p. 65, pi. 15, fig. 25. 

hchnochiton (Trachydermon) ruber 

PiLSBRY (1892) Manual of Conchology, Vol. 14, p. 80, pi. 7, figs. 50-56. 

Lepidochitona (Tonicelld) ruber 

Dall (1921) United States National Museum, Bulletin 112, p. 188. Arctic Ocean to 
Monterey, California. 

Lepidochiton (Tonicella) ruber ruber 

Johnson, C. W. (1934) Proceedings of the Boston Society of Natural History, Vol. 40, 
No. 1, p. 13; Labrador south to Connecticut, 1-80 fms. 

Tonicella rubra 

Thiele (1893) Das Gebiss der Schnecken, Bd. 2, Lfg. 8, S. 390, Taf. 32, Fig. 4. 

(1928) Fauna Arctica, Bd. 6, Nr. 2, S. 564; Helgoland, Port Wladimir. 

Allen (1931) Plymouth Marine Fauna, 2nd ed., p. 236; New Grounds, Cawasand Bay, 
Wembury Bay, between tide-marks. 

WiNKWORTH (1932) Journal of Conchology, Vol. 19, No. 7, p. 218. 

Tonicella ruber 

Sykes (1894) Proceedings of the Malacological Society of London, Vol. 1, p. 36. 

Balch, F. N. (1906) Nautilus, Vol. 20, p. 62. 

Thiele (1910) Zoologica, Bd. 22, Heft 56, S. 107. 

Berry (1917) Proceedings of the Californian Academy of Sciences, Ser. 4, Vol. 7, No. 
11, pp, 231; Forrester Island, southeastern Alaska, 15-30 fms. 

(1927) Proceedings of the Malacological Society of London, Vol. 17, part 4, 

p. 160; Departure Bay, British Columbia. 

Chiton cinereus 

Fabricius (1780) Fauna Grfinlandka, p. 423. 

Dillwyn (1817) Catalogue of Recent Shells, p. 12. 

Lamarck (1836) Histoire Naturelle des Animatm sans Vertdbres, 11 4ditlon» Tome 7, 
p. 605; les mers du nord de I'Europe. 

Chiton mifdmm 

Spengler (1797) Skrivter af Naturfiistorie-Selskabet. VoL 4, p. 1. 
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Chiton laevis 

Lov6n (1846) Index Molluscorum Liu Scand., p. 28. 

(1846) Ofvcrsigt af Kongliga Vetenskaps-Akademiens Forhandlitigar, Vol. 2, p. 160. 

Pennant (1877) British Zoology, Ed. 4, Vol. 4, p. 72, pi. 36, fig. .3. 

Chiton latua 

Leach (1852) Molluscorum Hritanninae Synopsis, p. 231. 

Chiton punicew 

Gould (1846) Otia Conchologica, p- 5. 

Chiton incamatUB 

Reeve (1848) Conchologia Iconica, Vol. 4, fig. 194. 

Tonicella squatnigera 

Thiele (1909) /oologica, Bd. 22, Heft 56. S.T8, Taf. 2, Fig. 44 50; Hakodate?. 

Body of medium size, oblong in outine; shell solid, elevated, sub- 
carinated at the back ; girdle narrow, covered with minute elongate scales. 

Head valve twice as long, crescentic in outline, with somewhat promi- 
nent apex; tegmental surface apparently smooth except for well-marked 
growth lines, under the microscope an excessively fine reticulation or series 
of minute granules visible ; insertion plate having 8 to 11 slits ; teeth 
sharp, smooth. 

Median valves oblong, highly elevated, slightly keeled at the back, 
somewhat beaked; lateral slope a little concave; lateral areas slightly 
raised, having stronger concentric wrinkles than the central areas, orna- 
mented likewise the head valve on the tegmental surface; jugum not 
defined ; one slit on either side ; sutural plate wide, smooth with sharp 
edge; sinus deep, narrow, angular. 

Tail valve oval in outline with a sinuation at the middle of the ante- 
rior edge, mucro median, obtuse; posterior slope nearly straight, orna- 
mented with minute granules like the head valve, slits 7-11 in number. 

Colouration of valves very variable, usually light buff, marbled all over 
with orange-red in various patterns, or entirely suffused with reddish or 
whitish like Tonicella marmorea but the valves usually having a red dorsal 
stripe, bordered uniformly with dark red or nearly pure white; interior 
of the valves bright pink. 

Girdle farinacious, generally reddish-brown, dusted with alternate red 
and whitish patches, closely covered with minute scales, which are pyriform 
in shape, small at the base, obtuse at the tip, curved slightly inward with 
smooth surface, length more than twice the width, their cross sections 
oval in outline ; long spines sparcely distributed among these scales, hold- 
ing a small spinules at the tip ; hyponotum scales very minute, hyaline, 
truncated at the base, pointed at the tip, faintly striped near the tip, 
growing longer toward the margin ; marginal spicules long, lanceolate with 
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a chitinous base, marked with two sets of oblique striations. 

Gills occupying the posterior half of the body, ctenidia 
each side. 


Measurements : 


Body 

Valve 

Number 

I.KNr.Tll 

Width 

Head 

4th 

Tail 

Diver- 

gency 

Ol* 

OIU. 

5.7 mm 

3.45 mm 

2.1mm 

2.7mm 

1 .8mm 

95* 

7 

7.0 

3.80 

2.3 

3.0 

1.8 

98^^ 

10 


- 

2.3 

3.0 

1.8 

96* 


12.0 

5.00 

2.9 

3.4 

2.15 

110^ 

- 



3.0 

4.2 

3.1 

112* 



— 

3.8 

4.6 

3.3 

114* 


10.0 

6.7 

4.0 

4.9 

3.2 

110° 

12 

16.0 

8.0 

4.2 

5.2 

3.6 

111* 

— 

10.5 

6.0 

4.2 

5.0 

3.3 

115* 

12 

14.0 


n 

6.2 

4.0 

123* 

15 

— 



5.2 

3.3 

114* 

— 

14.0 



6.0 

4,2 

125* 

14 


8.5 

4.7 

6.4 

4.3 

123* 

13 

[31 


4.7 

6.4 

4.5 

IB 

13 

— 

— 

5.0 

6,0 

4.0 

m 

— 

— 

— 

5.0 

6.2 

4.0 

118* 

— 

17.0 

10.0 

5.2 

7.4 

4.5 


.... 


— 

5.3 

7.0 

4.5 

123° 

12 

17.0 


5.4 

7.3 

4.6 

120* 

15 

— 


5.5 

7.2 

5.0 

124* 

14 

18.0 

10.0 

5.5 

7.8 

6.0 

122* 

14 


|yQ|H 


7.5 


121* 


— 

- 

6.0 

7.8 


122° 

. 


— 

6.15 

8.0 

5.3 

127* 

— 


7 to 15 on 


l^CALITY 

Mutsu Bay 

Okusiri Id. 

Lubec, Me., 
U. S. A. 

Strdmsund, 

Sweden 

Eastport, Me., 
U. S. A. 

Lubec 

Eastport 

Lubec 

Eastport 

North Pacific 
Eastpckrt 
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Body 

Valve 

N( MBEK 

Localitv 

Length 

Width 

Head 

4th 

Tail 

Divek- 

GKNCY 

OF 
(.11 L 



6.2mm 

8.3mm 

5.5mm 

125" I 


Kasiport 

IS.Omin 

12.0mm 

6.25 

8.2 

5.8 

120' 

13 



6.5 

9.0 

6.0 

127’ 

-- 


' 

— 

6.5 

9.8 

7.0 

123° 


North Pacific 



6.6 

9.8 

7.0 

134° 

— 


20.0 

12.0 

-- 

— 

1 *“ 

— 

j 

(fide Pn.SBRY) 

25.0 


— 

— 

— 


- 

Alaska (PlLH- 
UKY) 


Remarks : Thiele described a small species, Tonicella squamigera, 
collected from Hakodate by Hilgendorf, which is, according to him, easily 
distinguished from T. ruber in having more highly elevated shells, longi- 
tudinal wrinkles in the central area, oval scales and simple small spicules 
in the girdle, short pyriform central tooth and the peculiarly shaped cenlro- 
lateral tooth* 

With careful comparison of the small specimens collected from Mutsu 
Bay and Hokkaido, with the typical forms in my hand of T, ruber from 
Europe and North America there seems no specific distinction between 
these two as is shown below. 

The tegmental surface of the central area of T, ruber is finely reticula- 
ted, while that of T. squamigera is wrinkled, in which the minute round 
pustules coalesce to form somewhat oblique lines in two different directions, 
that are crossing one another so as to give an appearance of a reticula- 
tion, and as it grows larger they are worn out leaving only the skeletal 
outline of reticulation, so that these are not essential but of subordinate 
features in respect to structure of the tegmental surface. Furthermore 
the valves are, as in other species of the genus, relatively higher in the 
young than in the old ones, that is to say, the shells become flatter as 
they grow older the divergency ranging from 110" to 130". 

The evidence afforded by T. squamigera is not strong enough to dis- 
sociate as distinct species. The difference in size as well as in shape in 
the girdle scales between these two forms is to be attributed to different 
stages of growth, because the characteristic scales of T. squamigera gradually 
pass over continuously to the other. The central tooth is pyriform in 
outline in an apical view% while it is elongate-oblong in a front view. 
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Thiele pointed out such differences as the distinguishing characters of 
these two species. Moreover the centro-lateral tooth of the two forms 
agrees completely with each other. Therefore it seems natural to treat 
T. squamigem as a synonym of T. mber. 

Locality : Off Imabetu, 2 specimens collected by S. H6zawa in July, 
1929. 

Distribution : 

Atlantic Ocean ; Norway, Sweden, England, North Sea, Greenland, Labra- 
dor south to Connecticut. 

Arctic Sea; Russian Lappland, 

Pacific Ocean ; 

Bering Sea, Alaska; Attu, Sitka, Forrestor Island. 

North America; Monterey Bay, California. 

Kamchatka ; Japan ; Okusiri, Hokkaido, Mutsu Bay. 

.5. Tonicella submarmorea (Middendorfk, 1846) 

PI. XIV, fig. 16: PI. XVIII, figs. 6-8; PI. XIX, figs, 1. .3-8. 

Chiton aubmarmoreus 

Mioorndorff ^1846) Bulletin de la Classe Physico*Mathematiquc de rAcademie de 
Saint-Petorsbourg, Tome 6, No. 8; Tugurbusen; Schantarische Insel, slid Ochotski- 
sche Meer. 

ScHRKNf'K (1867) Reisen und Korachungen im Amur4.iandet Bd. 2, S. 276-278; Castrie.«» 
Bay; Hakodate Bay, 20-38 feet. 

Chiton {Flatyaemua) submarmirreua 

Middendorff (1847) Memoires de TAcademie Imperiale des Sciences de Saint-Peters- 
bourg, Sor, 6, Tome 6, pp. 82, 90, 162; (Malacozoologia Hossica, pp. 18, 26, 98); 
Tugurbusen. 

Chiton {Stenoaemua) aubmarmoreus 

Middendorff (1851) Reisen in den Norden und Osten Sibiriens, Bd. 2, Theil 1, S. 178- 
183, Tab. 14, Fig. 7-10; Tab. 16, Fig, 7, S'; Sitcha 
Tonicella submarmorea 

Dall (1878) Proceedings of the United States National Museum, Vol. 1, pp. 296, 327. 

(1878) United States National Museum, Bulletin 1, pp. 78, 109, pi. 1, fig. 7; The 

Aleutian Islands to Sitka and Juan de Fuca Straits. 

(1886) Proceedings of the United States National Museum, Vol. 9, p. 210, 
Pii.KURy U893) Manual of Conchology, Vol. 14, p. 42, pi. 10, figs. 16-24. 

— (1895) Catalogue of the Marine Mollusks of Japan, p. 113. 

Berry (1917; Proceedings of the Californian Academy of Sciences, Ser. 4, Vol. 7, 
No. 10. p. 234. 

(1917) Proceedings of the United States National Museum, Vol. 54, No. 2223, p. 3. 

lAspiclochitona (Tonicella) submarmorea 

Dall (1921) Smithsonian Institution United States National Museum, Bulletin No. 112, 

p. 188. 

Catharina submarmorea 
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Dunker C1882) Index Molluscorum Maris Japonici, p. 159. 

Chiton inaignis 

Reeve (1848) Conchologia Iconica, Monograph of the ^onus Chiion^ V^ol. 4, pi. 22, 
fig. 148, species 148. 

Chiton aiichenais 

MlliDENDORFF (1846'^ Bulletin de la Classe Fhysico-Mathematii]ue I’Academie de Saint- 
P^tersbourg, Tome 6, p. 121. 

'(Chiton {Steno,nemu8) aitchenaia 

MiddkndoKFK (1847) Memoires de TAcad^mie Imjj^riale des Sciences de Saint Peters- 
bourg, Ser. 6, Tome 6. pp. 72, 87, 90, 176, Muluco/oologia Kf»ssica, pp. 8, 23, 26, 
112); Taf. 13, Figs. 1, 2. 

Tonicia aitchenaia 

Diinker (1882) Index Molluscorum Maris Japonii i, p. 157. 

Tonicella aitkenaLa 

P11.SBRY iT892‘' Manual of Conchology, Vol. 14, p. 44, pi. 11, figs. 29-31. 

Thiei.e iJ909 Zoologica, Bd. 22, Heft 56, .S. 18-19. 

LepidfHihitona (Tonicella) aitkenais 

Dall vT 921 ' United States National Museum, Bulletin No. 112, p. 188. 

Body of small to medium size, oval in outline; shell rather depressed 
with subcarinated back ; girdle narrow, apparently smooth, yellowish-brown 
in colour, usually tessellated with dark brown. 

Head valve crescentic ; apex low ; tegmental surface provided with 
many excessively minute granules which are regularly and closely arranged 
in a .series in two different directions and crossed diagonally with each 
other so as to form a fine reticulation ; interior of the valve smooth, 
polished ; slit lines not grooved with many round large pores ; eaves short, 
porous ; teeth thick, short, sharp, 5 in numb(»r. 

Median valve oblong in outline, subcarinated at the back, posterior edge 
well beaked, anterior edge straight ; lateral an*a scarcely distinguishable, 
finely granulated like the head valve; central area provided with fine 
pustules which are smaller and more sparsely scattered than that of the 
lateral area ; sutural laminae thick, broad and round ; sinus wide, angular ; 
interior of the valve shining, callus-ridge thick and prominent ; jugal area 
marked irregularly with several transverse short grooves ; slit line similar 
to that of the head valve; slit deeply incised, one on each side; teeth 
short, sharp. 

T^ail valve small, oval shaped, mucro central ; posterior slope nearly 
straight, sculptured like the head valve, central area with similar sculpture 
to that of the median valve, marked with distinct concentric lines of 
growth ; interior of valve smooth with large slit-pores along slit lines ; slits 
5 in number. 

Tegmental surface variously coloured, though usually rosy or yellowish- 
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white, closely painted with spots and flames of red colour, reduced in tone 
toward the periphery to reddish-white ; divergency 115“ to 130“ in adult 
specimens. 

Girdle apparently leathery, though under the microscope the entire 
surface is covered densely with very fine scales, which are pyriform, longer 
than wide, bluntly pointed at the tip, small at the base, yellowish-brown 
in colour ; a few remarkably long, hyaline spines distributed sparsely among 
these scales ; hyponotum scales hyaline, exceedingly minute, elongate conical 
in shape, rather pointed at the tip, with fine striations on the surface, 
growing longer toward the periphery ; margin closely beset with brown 
long spines and large hyaline spicules. 

Radula ; central tooth elongate oblong, slightly dilated and angular at 
the anterior end, weakly sinuated at the middle of the tip, a little con- 
stricted near the base, cusp distinct, wide and sharp ; centro-lateral squarish, 
strongly expanded at the outer edge, with a slight sinuation at the ante- 
rior margin, inner edge smooth, nearly straight, basal plate oblong, 
distinct ; major lateral tricuspid, its inner cusp smallest and sharpest, middle 
one truncated at the edge, outer one as large as half the whole cusp ; 
shaft thick, stout, having a small, half-round wing at the anterior angle 


Measurements : 


Body 

Vai.vk 

Gill 

IXK'ALITY 

Length 

Breadth 

Head 

4th 

Tail 

Diver- 

gency 

— 

... 

2.5mm 

.3.0mm 

2.2mm 

104“ 

— 

Mutsu Bay 

— 

— 


n 

2.1 

113“ 

-- 

OkuHiri Id. 

— 

— 

2.8 

3.2 

2.1 


— 

23 mm 

14 mm 

6.5 

8.5 

6.3 


23 

Akkesi 

22 

12 

6.8 

8.5 


132“ 

24 

Aniwa Hay 

— 

— 

mgm 


6.0 

13(f 

— 

Akkesi 

— 



10.6 

hQIII 



Aniwa Bay 

— 

— 

8.2 

11.4 

7.8 


22 


— 

- . ,1 

9.0 

11.2 

7.0 

133° 

— 


10 

6 


rngM 

m 

13(f 

-- 

Sitka 

’ 38 

24 

Bi 


H 

116M30P 

24 

Okhotsk Sea 
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of the inner edge and smooth, nearly straight at the outer edge; inner 
smalMateral with oblong basal plate and a bifurcated strong ridges, pro- 
truding forward at the tip ; major uncinus shaped like a spoon with fine, 
many regularly arranged cusps at the anterior edge, with a thick, stout 
shaft upon a small basal plate ; inner marginal somewhat in'egular oblong 
shape with a large process at about the middle ; median marginal elongate 
octangular in outline; outer marginal squarish as broad as wide, with 
deep insertion groove at the inner edge. 

Ctenidium : Merobranchial abanal, extending from the 3rd to the 7th 
valves and consisting of 22 to 24 gills on one side. 

Remarks : The present species bears a much resemblance to Tonicella 
marmorea. Though it is distinguished from the latter by its more 
depressed and less carinated median valve, different colour-pattern on the 
tegmentum, much longer marginal spines and broad wing of the centro- 
lateral tooth. 

Of these distinguishing characters, the divergency of valves, as already 
pointed out by Schrenck (1867), is not constant and does not always 
tally with the original values given by Middendorfk, who seemed to be 
of the opinion that this is the most important feature in separating this 
species from T. marmorea. As a matter of fact the divergency is usually 
about 100" in young specimens and becomes larger as they grow older. 
Therefore the character like this is not peculiar to these two forms and 
does not seem to be an absolute distinctive feature. 

Sometimes it is difficult to differentiate this species from T. lineata, as 
the shells are similarly coloured. Even in such a case its microscopical 
granulation on the tegmental surface serves very well as one of the most 
distinguishing characters. 

T, sitchensis was described by Middendokff from a single specimen, 
and has not been found by any later collector. Thiele (1909) examined 
the type specimen of this species, belonging to the Petersburg Museum, 
and considered that it should be a small specimen of 7*. submarmorea. 
The results worked out by Thiele on the radula agree well with the 
preparations before me. 

Locality : Off Kanida, one small specimen was collected by S. Taka- 
TUKI in July, 1927 (specimen number 1716), 

Distribution : 

The Bering Islands (Dall); Nicolski, between tide-marks (Berry). 
The Aleutian Island (Dall). 

Alaska; Sitka (Wosnessenski coll.); Juan de Fuca Straits (Dall, 
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Pilsbry) ; Forrester Island, 15-25 fathoms, (Berry). 

U, S. A. ; Puget Sound (Dall). 

Okhotsk Sea ; Tugurbusen, Schantarischen Inseln (Middendorff) : Bay 
of Castries, 20-38 feet (Schrenck). 

Japan ; Saghlien ; Aniwa Bay (T. Urita) 

Hokkaido ; Akkesi (Hada and Okuda coll.) ; Hakodate (collected 
by Lindholm, reported by Schrenck) ; Okusiri Island (T. 
Kinosita coll.) 

Honsyu; Mutsu Bay. 

This species was originally described by Middendorff from the 
southern Okhotsk Sea and later by different authors from the Bering Sea 
and other various places along the Pacific coast of north America. 

This is peculiar to the northern Pacific in its distribution, as will be 
seen from the localities shown above, ranging from the Bering Sea to 
Puget Sound (about 48° N.) on the eastern coast and to Mutsu Bay (4T 
N.) on the western side, the latter locality probably being the southern 
limit. , 

It was recorded by Middendorff from the southern Okhotsk Sea near 
the tide-mark and by Berry from Bering Island between tide-marks, while 
Schrenck collected it at the depth of from 6 to 12 m at the Bay of 
Castries and never found it at the depth more than 12 m, and from For- 
rester Island Berry described it from the waters 27 to 45 m deep. 

The young individuals always live deeper than 50 m and they seem to 
come up gradually into the shallow water as far as the tide-mark as they 
grow larger. 


SubfamUy B CALLOGHITONINAE 
Genus SPONGIORADSIA PILSBRY 1893 

6. Spongioradsia foveolata, nov. sp. 

PI. XIV, fig. 4; PI. XX, figs. 1-10; PI. XXI, fig. 1. 

Body of small size, 6 mm in length, oval in outline, with well vaulted 
shells, dull purplish-red in colour; girdle nearly smooth, tinted with pale 
violet. 

Head valve of crescentic shape, thick, spongy, very fragile, apex 
prominent, moderately raised, finely reticulated with minute elongate 
granules in quincunx pattern on die whole surface, punctulated by the 
numerous black dots of megalaesthetes near the apex ; interior of the valve 
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nearly smooth, with the two low ridges near the posterior edge, hind parts 
of these two ridges rather regularly, coarsely pored ; central callus much 
thickened posteriorly, having many transversely elongate pores; slit-rays 
never grooved, provided with a few large pores in rather irregular arrange- 
ment; insertion plate thick ; teeth 15 in number, widely separated from 
one anotlier, spongy in nature ; eaves broad, spongy ; posterior border of 
the tegmentum broadly reflexed. 

Median valve oblong, slightly concave at the middle of the anterior 
edge, prominently beacked at the posterior end ; surface smooth, slope 
nearly straight on either side, subcarinated at the ridge, lateral area not 
elevated, but trifly distinctive by its peculiar pattern in the same manner 
as that of the head valve ; megalaesthetes scattered quincuncially near the 
anterior border of this area ; jugum not defined ; central area broad, 
smooth, only roughened by several small pustules, arranged sparsely in a 
longitudinal series, traversed by some feeble lines of growth, foveolated 
near the outer corner except for the second valve, its whole surface finely 
woven by feeble threads in running longitudinally as well as transversely ; 
central callus strongly developed in the middle of the interior of the valve, 
strikingly marked by a short groove at its front boundary ; another 
callus distinct, bounding the anterior border of the lateral region with a 
shallow groove of the slit-rays in front of it ; small area behind this callus 
provided with many, large, rather regularly arranged pores ; two deep 
slits of the insertion plate widely separating teeth one from another; 
posterior border broadly reflexed ; sutural laminae low, wide with round 
edge, continuous with each other; jugal sinus indistinct, very flat and 
narrow, divergency 130°. 

Tail valve about semicircular in outline, its anterior edge nearly straight, 
but protruded a little at the middle; mucro prominent, not so much raised, 
directed anteriorly, situated at about the anterior third of the tegmentum, 
anterior area sculptured like a central area of the median valves ; posterior 
slope straight, ornamented with elongate granules and black dots of 
megalaesthetes like the head valve. Mucronal region in the interior of 
the valve hollowed, with many pores in concentric arrangement; slit-raNs 
shallowly grooved, provided several large pores ; insertion plate thick, well 
developed, though very fragile, having 13 slits; sutural laminae low and 
flat, truncated at the anterior edge, connected with each other by a 
lamina, with a shallow sinus between them. 

Tegmental surface of head valve, lateral areas of the median valves 
and posterior area of the tail valve equally tinted with flesh-pink ; central 
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area marbled with longitudinal irregular lines of coral red on the ground 
colour of light-yellow ; interior of valves all pinkish ; perinotum of the 
girdle light-purplish-vanaceous or pale purple-drab in colour. 

Perinotum of the girdle covered densely with long, sharply pointed 
spines of various length, brownish in colour with smooth surface, protruding 
at the periphery ; hyponotum clothed with exceedingly minute scales of 
conic shape, obtusely pointed at the tip, strongly ridged in a longitudinal 
series of granules, standing upon the squarish, flat, thin basal plate with 
a shallow notch at the inner edge; small hyaline spinules seen at the 
periphery, distinctly striped with a few longitudinal lines. 

Central tooth of radula oblong shaped, constricted a little near the tip, 
protruding at the anterior end, cusp with entire edge, base truncated, 
basal plate elongated triangular in shape ; centro-lateral having a broad 
extension at the outer edge, slightly indented at the outer corner, somewhat 
sinuous at the anterior edge, inner edge almost straight with oblong basal 
plate ; major lateral stout, tricuspidate, median cusp the strongest, shaft 
thickened at the tip with pointed process at the middle on the outside; 
inner small-lateral broad, delicate with low oblique ridge ; major uncinus 
spoon shaped, cusped entirely, with stout, thick shaft on small basal plate; 
inner marginal elongate oblong, with well protruded central process ; 
median marginal similarly shaped to the preceding one ; outer marginal 
nearly squarish, truncated at the outer and the posterior edges. 

Remarks : This species resembles much Callochitan lands of Europe 
in many respects of the shell characters, in the girdle armatures and even 
in the colouration, though the latter has much more solid shells, more 
numerous slits in the insertion plate of the median valves, the distinctly 
raised lateral areas and sharply keeled shells. 

It seems to me that Spongioradsia aleutka and S. multidentata are 
intimately related with each other in having very spongy eaves, two slits 
on each side of the median valves, the less elevated lateral area, the 
continuous sutural laminae, megalaesthetes on the surface of the valve and 
in small body size, while the present species is distinctive from the latter 
two in such characters as its well developed teeth of the valves, distinctly 
beaked median valves, position of the mucro in the tail valve, smoothness 
of girdle spines. 

It seems to be natural to classify this species with the genus SpongUh 
radsuiy for the much fragile nature of the shell, very spongy eaves, number 
of slits of the median valves, though, it has, as noted above, some rela* 
tionships to the gems Callochiton. 
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Spongioradsia was proposed by Pilsbry (1894) with the type of Uall’s 
species Trachyradsia aleutica as a subgenus of the genus Trachydermon 
with some doubt in relation to the genus Callochiton. 

Thiele (1929) ranked it as a subgenus of Lepidochiton under the 
subfamily Lepidochitoninae which is distinguished from Callochitoninae by 
the absence of the eyes on the shells, the separated sutural laminae and 
the comb-like cusp of the major uncinus. 

It is easily recognized from the description of Pilsbry that the type 
of the group Spongioradsia^ however, has numerous eyes on the shell and 
continuous sutural laminae, as he says that “the whole surface is obsoletely 
punctulated by the comparatively large megalaesthetes ” and “ the sinus, 
as in typical Callochiton^ is bridged by a lamina extending across from 
one sutural lamina to the other According to Thiele’s system, as above 
mentioned, the group Spongioradsia is a member of the subfamily Callo- 
chitoninae, resembling Callochiton in having the continuous sinus, as pointed 
out by Pilsbry. Thus it seems to be reasonable to rank the group under 
the subfamily Callochitoninae. 

locality ; Oma Bay, Station 105, 1 specimen was collected by Hozawa, 
Takatuki and H. Sato in August, 1927, sp. no. 2196. Body length 6 mm. 

Family 2 MOPALIIDAE 

' Genus MOPALIA Gray 1847 

7. Mopalia hirsuta, nov. sp. 

PI. XIV, fig. 11; Pi. XXI, figs. 2, 4-«: PI. XXII, figs. 1-6; FI. XXIII, figs. 12, ID. 

Body small, elongate-oval in outline ; shell strongly elevated with 
subcarinated ridge, coarsely reticulated on the whole surface ; girdle narrow, 
setose with numerous, long .setae, painted generally with brownish-red ; it 
is one of the most beautiful species in the genus. 

Head valve thin, smaller than the .semicircle; apex indistinct; eight 
radiating series of regularly increasing tuliercles arranged in correspondence 
with the slits ; posterior edge wavy, but not strongly dentated by a similar 
series of tubercles; entire surface between these ray-ribs rather regularly 
sculptured by a reticulum of pitting and netting; all .sculptures become 
obsolete toward the apex ; eaves very short ; teeth long and thick ; slit 
deep, distinct, eight in number; interior of the valve smooth, shining 
without a callus; slit-rays not grooved, provided with a few minute pores. 

Median valves oblong in shape, straight at the anterior edge, except 



for the second valve, slightly beaked at the (X)sterior border in the middle,, 
much elevated, subcarinated at the dorsal ridge ; side-slope straight ; central 
area coarsely reticulated by radial and oblique riblets, which become 
obsolete toward the jugum ; lateral area distinctly raised, bordered sharply 
from the central area by a strong diagonal rib, formed by the partial 
coalescence of large, somewhat elongate tubercles, sculptured with regular 
pittings and tubercles, arranged almost in a checker pattern, its posterior 
edge a little denticulated by tubercles ; interior of the valve quite smooth,, 
shining, without any distinct callus, but jugal region striated transversely 
by numerous fine threads; slit-ray grooved, provided with several small 
pores ; tooth arising from short eaves, rather thin, well defined, but not 
sharpened at the edge ; slit deep, rather narrow, one on each side. 

Tail valve small, oval shaped, shallowly sinuated at the middle on both 
edges; mucro at about the posterior third of the tegmentum, slightly 
elevated, directed forward at the tip ; diagonal ribs weaker than those of 
the median valves; front area sculptured more coarsely with relatively 
larger tubercles than in the intermediate valve ; posterior area small with 
straight slope, strongly nodulose on the whole surface; interior of the 
valve strongly thickened at the posterior edge, at the central and the front 
calli, shallowly notched on either side ; slit-rays inconspicuous, accompanied 
by a series of 4 or 5 elongate pores ; jugal region marked with numerous^ 
transverse short lines ; sutural laminae separated from each other bj^ a 
deep narrow sinus, extending broadly forward, truncated sharply at the 
front edge. 

Jugal and central areas of the tegmentum striped longitudinally with 
broad lines of sea-shell-pink or coral-red on the ground colour of light-buff ; 
lateral area also similarly coloured except for the third valve, which retains 
alone the ground colour in correspondence with the light paches of the 
girdle, which is generally painted by salmon-colour or light-salmon-orange ; 
interior of the valve light-sea-shell-pink at the central area, fading toward 
the periphery. 

Girdle rather narrow, setose, deeply slit posteriorly ; perinotum covered 
with numerous setae of various length, arranged with such regularity that 
the longest situated at the sutures and the ends of terminal valves, sub- 
sidiary setae placed at about the middle between the primary ones, and 
subsequent ones beset successively at the intermediate position between the 
preceding ones. Several long, slender, curved bristles imbedded nearly 
in their proximal half in a conchyolinous substance of the setae in a row 
for a fair distance from one anotho:^, tipped by a minute calcareous 
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spinules at distal ends, with small roots at the base. Solitary bristles 
found in a group near the margin of the perinotum, apparently at a young 
stage judging from its similarity to the long setae. Leathery surface of 
the perinotum composed of exceedingly minute, long, densely crowded scales, 
nearly cylindrical in shape with a small tip, strongly striated by a few 
longitudinal ribs ; marginal spicules long, hyaline, smooth or obliquely 
striped on the surface with pointed tip ; scales of the hyponotum elongate 
oval in shape, considerably minute, hyaline, striated with line, rather 
irregular, longitudinal lines, having a tendency to become narrower toward 
the periphery. 

Radula : central tooth with a broad, entire cutting edge at the tip,, 
immediately behind of which strongly constricted, dilated at the middle, 
and again narrowing backwardly with a truncated posterior edge ; centro- 
lateral broadly extended outwardly so as to form a conspicuous wing at 
the outer margin, straightened at anterior and inner edges, alated a little 
at the outer corner, basal plate oblong shaped ; major lateral tricuspid, 
with the strongest cusp at the middle, the smallest at the out side, cusps 
all long and sharp at the tip ; shaft thick, slightly dilated at the outer 
margin with a small process at the anterior end, ridged remarkably in 
two rows at the back ; major uncinus long spoon shaped, with a broad, 
entire, sharp cutting edge and small basal plate ; inner and median margin- 
als elongate oblong in outline ; outer marginal squarish, slightly longer 
than wide, straight at the front as well as at the outer edge, protruding 
at about the middle on the inner margin. 

Ctenidia merobranchial abanal extending from the third valve to the 
eighth valve, with 24 gills on one side. 

Size and divergency; Body length 9mm, divergency 105”. 

Remarks : This species is sufficiently distinct from Mopalia middendorffi 
in many particulars as having the coarse sculpture of the tegmentum, the 
denticulated posterior margin of the valves, an acute divergency of the 
median valves, a small calcareous tip of bristles in the girdle, a minute, 
strongly ridged .scales on the perinotum and the more elongate body, and 
from Mopalia schrenckiy M. retifera, M. ciliata and Af. wosnessenski as 
having coarse sculpture and reddish colouration, an acute divergency of 
the median valves, although much related to Af. middendorffi in colouration, 
in arrangement of bristles, in shape of the scales on the perinotum and 
also to Af. Bckrencki in structure of the bristles. 

As is seen from the above remarks, this can not he referred to any 
of the known species of the genus, and I do not hesitate to make it a 
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new species. 

Locality: Off Syukunobe, in the line drawn between Benten and 
Kurosaki, station 63 (V) ; 1 specimen was collected by H6zawa and 
Kokubo on August 10, 1926; sp. no. 669. 

Genus PLACIPHORELLA (CARPENTER) DaLL 1878 


Placiphorella 

Dall (1878) Proceedings of the United State.s National Museum, Vol, 1, p. 303, 306 
(CARPKivrrKR MS.). 

Langfordiella 

Dall (1926) Nautilus, Vol. 38. No. 3. p. 96. 


8. Placiphorella stimpsoni (G 0 UI.D, 1895) 

PI. XIV. fifts. 13, 17; PI. XXI, figs. 3, 7-9; PI. XXII, figs. 7-15. 

•ChiUm (Molpalia) stimpsoni 

Gould (1859) Proceedings of the Boston Society of Natural History, Vol. 7, p. 165. 

(1860) Otia Coiichologica, p. 118; Hakodate Bay. 

Mopalia stimpsoni 

Dunker (1882) Index Molluscorum Maris Japonic!, p. 15H; Loochoo. 

Placiphorella stimpsoni 

Dall (1886) Proceedings of the United States National Museum, Vol. 9, p. 210. 

PjLSHRY (1892) Manual of Conchology (1), Vol. 14> pp. 307-309, pi. 62, figs. 84-87. 

(1895) Catalogue of the Marine Mollusks of Japan, p. 115. 

Plate (1901) Zoologische JahrbUcher, Supplement-Band 5, Fauna Chilensis, Bd. 2, 
S. 300-307, Taf. 13, Fig. .321 327. 

Nierstrabz (1905) Siboga-Expeditie, Monographic 48, S. 48. 

Pelseneer (1906) Mollusca in Lankester’s Treatise on Zoology, Part 5, fig. 32 (figure 
after Pi.ATE on page 49). 

Thiele (1909) Zoologica, Bd. 22, Heft. 56, S. 4, 7. 

Berry (1917) Proceedings of the United States National Museum, Vol. 64, No. 2223, 
pp. 12 13, pi. 8, figs. 1, 2; pi. 9, figs. 1-8. 

Dall (1921) Smithsonian Institution United States National Museum, Bulletin 112, 
p. 197; Bering Is.; Lower California. 

Thiele (1929) Handbuch der systematischen Weichtierkunde, Teil 1, S. 11, Fig. 4. 

Kikuti, K. (1931) Toyamawan Nantaid6butu Mokuroku (Catalogue of Mollusca of 
Toyama Bay), p. 1, no. 2. 

Yac.ura, W. (1932) Hydgoken.san Kairui Mokuroku (Catalogue of Mollusca of Hy6go 
Prefecture), p. 20, no. 243. 

rAKi, IwAO (1932) Memoirs of the College of Science, Kyoto Imperial University, Ser. 
B, Vol. 8, No. I, pp. .33-42, Figs. 13-28, plate 2, figs. 4-6. 

Hi RASE, S. (1934) A Collection of Japanese Shells, pi. 55, fig. 2, p. 30. 

Kuroua, T. (1935) Miyazaki-Kensan l^irui Mokuroku (Catalogue of Mollusca of Miya* 
zaki Prefecture), p. ,39, no. 1. 

Iaki, Iwao (1936) Onomiti Kinkai Nantaid6butu Mokuroku (Catalogue of Marine 
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Molluflca around the Onomiti Marine Biological Station;, p. 1, no. 4. 

Taki, l8AO (1936) Sait6 H6-onkai Hakubutukan Zih6 (Proceedings of $ait6 H6*on«K8i 
Museum), No. 13, no. 10. 

PlaciphoreUa sp. 

Taki, Isao (1924) D6butugaku Zassi (The Zoological Magazine), Vul. 36, no. 429, 
pp. 286-287, 1 text-Bgure. 

Hirasr, S. (1927) Nippon D6butu Zukan (Figures and Descriptions of Japanese Animals),, 
p. 1501, fig. 2885. 

Yaoi, S. (1931; Ehimeken D6butu Si (Catalogue of Animal'^ from Khime Prefectiiie:, 
p. 67. no. 739. 

Ahano, H. (1933) Bunrui Suisan DAbutu Zusetu (Systematic Illustmtions of Freshwater 
and Marine Animals), p. 253, fig. 351. 

Nomura, H. and H. Tunoda (1933; Sait6 H6-on-Kai Hakubutukan Zih6, special no. 3, 
p. 19, no. 195. 


Langfordiella japonica (full grown form, without tail si its > 

Dall (1925) Nautilus, Vol. 38, p. 96. 

Taki, Isao (1928) Venus, Vol. No. 1, pp. 41-42. 

Thiele (1929) Handbtich Her systcmatischen Weichtierkunde, Teil 1, S. 11. 

PlaciphoreUa blainvillei Brouehii* ) . 

J (incorrectly referred to) 


PlaciphoreUa petamn Auams et Rkevk) 

Thiele (1893) Das Gebiss der Schnecken, 


Bd. 2. S. 397, Taf. 32, Fig. 24, 25. 


Body of large to medium size, broadly ovate in outline ; shell depressed, 
subangular at the ridge, with straight side slopes; girdle of unequal 
breadth, being much extended anteriorly. 

Head valve thick, stout, narrowly crescentic with an indistinct apex,, 
concentrically striated on the tegmental surface, but lacking all radiating 
sculpture; interior of the valve smooth, unusually thickened anteriorly; 
slit-lays inconspicuous; teeth remarkably thick, short, strongly pectinated 
irregularly; slit 8 or more. 

Median valve oblong in outline, exceedingly wider than long, subcarina- 
ted at the jugum, not beaked posteriorly, almost straight at the front 
edge; lateral areas usually distinct, slightly elevated, bordered by incon- 
spicuous low diagonal and sutural ribs ; the space between ribs smooth, 
slightly concave ; interior of the valve smooth, not distinctly callused ; 
slit-lays not defined ; slit narrow ; teeth thick and short, obtuse at the 
edge, slightly pectinated on the outer surface, rising from narrow eaves ; 
posterior edge widely reflexed ; sutural laminae very wide, thick, nearly 
straight and sharp at the front edge ; incised by a shallow, v-shaped sinus. 

Tail valve small, depressed, its greatest width, including insertion and 
sutural-plates, measuring hardly more than half .the width of the widest 
median valves ; anterior edge regularly arched with a slight sinuation at 
the posterior end in the middle ; mucro lies near the posterior margin ; 
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central area occupies the greater part of the tegmentum, flat but roughened 
by irregular lines of growth, bordered posteriorly by fairly prominent 
diagonal rim in the median valves due to its inward reflexion; insertion- 
plate very short, rising from a heavy callous rim, having one oblique slit 
on each side and faint waving along the posterior margin ; sutural laminae 
broad, smooth, flat, sufficiently expanded anteriorly, truncated at the front 
edge, deeply cut into two halves by a narrow sinus. 

Girdle unequal in breadth around the valves, being much wider ante- 
riorly ; perinotum sparsely beset with exceedingly minute spinules which 
are sharply pointed and deeply striated at the tip, measuring 30/^ in 
length ; large bristles at the suture and the margin, intermingling a number 
of small ones ; all the bristles composed of small spinules, which are pointed 
at the tip and with a small root at the base, light brownish in colour, 
densely ari'anged in oblique series around the axis like the arrangement 
of shoots of plants ; marginal spines long, hyaline, sharp at the lip, faintly 
striped nearly throughout the entire length, with a small root at the base, 
measuring 1 30- ] 60 /nn length ; hyponotum having much developed pallial 
fold, deeply incised at the posterior end, extending forwardly so as to 
form several tentacular processes, its entire surface densely covered with 
hyaline, long, smooth, pointed spinules, measuring 80-100 // in length, the 
peripheral ones being nearly equal to the marginal s|)ines in length. 

Radula typically mopalioid ; central tooth oblong in outline, slightly 
sinuated at the middle on both sides, nearly straight at the front end 
with well developed cusp, trilobular at the posterior end ; centro-lateral 
having very broad wing at the outer edge, slightly reflexed at the outer 
corner, weakly sinuated at the anterior edge, inner margin much curved, 
basal plate elongate-oblong ; shaft of the major-lateral thick and stout, 
strongly ridged at the outer margin with a broad wing at the base, inner 
edge nearly straight and smooth, dorsal ridges forming two distinct 
processes, cusp small, cut into three denticles almost in equal size; inner 
small-lateral broad, very much elevated near the inner edge to articulate 
with the dorsal process of the major-lateral ; major-uncinus spoon shaped, 
slightly curved at the base with a elongate basal plate, cusp arched, entire, 
sharp ; inner-marginal elongate oval shape with a strongly developed tri- 
angular process at about the middle; median-marginal squarish in shape, 
slightly sinuate in front, protruding at the posterior edge. 

Colouration of valve whitish along the middle, the side slopes mottled 
and streaked with greeni$h- 3 ;e)low, olive and blue or olivaceous and orange- 
ash, thus giving a general effect of dark oblivaceous ; interior of the valves 
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bluish-green or nearly white on the whole surface. 

Ctenidia holobranchial abanal, extending along the entire length of the 
foot, about 26 on each side; a specimen of 29mm in length has 15 to 
19 gills on one side. 


Size 


Body 

Shell 

I.KNOTH 

Brkadth 

Length 

Bheadth 

Divergency 

* 18 mm 

14 mm 

13 mm 

10 mm 

128^^ 

22 

18 

16.5 

13 

137’ 

27 

22 

19 

ir>.r» 

138’ 

33 

24 

24 

18 

138’ 

36 

24 

26 

19 

134" 

— 

29 

28 

23 

140’ 

— 

29 

28 

23 

137^ 

42 

33 

30 

23 

136’ 

56 

32 

i~~ 

24 

140'^ 


Remarks : Gould first described this species under the name Chiton 
Mimpsoni basing on the small specimens collected by Stimpson from 
Hakodate Bay at the depth of 25 fathoms. Thiele figured the radula of 
this species under the erroneous name Placiphorella hlainvillei and P. 
petasus, both collected from Japan, and later corrected the mistakes in 
his enormous work entitled “ Revision des Systems der Chitonen Plate 
(1901) gave details of the anatomical structure of this species from the 
materia] taken from Hakodate, and the excellent descriptions are given of 
some characters of shell by Pilsbry (1892) and that of the girdle and 
the radula by Berry (1917) from the study of the alcoholic specimens 
•collected by the ‘‘ Albatross ” from Hakodate. 

Dall established new genus Langfardiella with the type L japonica. 
Examination of the type specimen, this species agrees completely with Placi- 
phorella stimpsoni in all characters except for the slits of the tail valve. 
The young specimens of this species have a distinct slit on each side of 
the tail valve. But the slit dwindles as it grows older and moreover as 
the surface of the insertion plates becomes much wavy so as to form an 
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irregular pectination, the slit disappears into the waves. Plate (1901, p. 
301) states that the slit is not always present in the tail valve of this 
species. Therefore Ihe presence or absence of the slit, in the tail valve 
loses its significance as the criterion to distinguish these two forms. 

In 1926 I sent the late Dr. Dall of Smithsonian Institution specimens 
collected from Ehime and Kanagawa Prefectures, asking his opinion as to 
whether his new species might be referable to P. stimpsoni of Gould. 

His reply was “ it is evident from the specimens that you are right in 
identifying your species with Gould’s P. stimpsoni, and in showing (which 
my Langfordiella specimens did not do) the variation in the condition of 
the tail valve ”. Dau-’s new form and Gould’s species can not be denied 
to be synonymous. 

Thiele (1929) ranked Langfordiella as a subgenus of Placiphorella, 
although it is much more reasonable to make the former as a synonym 
of the latter by reason of the evidence given above. 


Ijocality 


Sp. no. 

Station 

Locality 

Collector 

Date 

Number of 

SPECIMEN 

671 

74 (III) 

off Karibazawa 

Kokubo and 
Kamada 

Aug. 22. 1926 

1 

677 

45 an) 

oil Tubakiyaroa 

. 

tiozAWA and 
Takatuki 

Aug. 2. 1926 

3 

17.30 


off Kanida 

Takatuki 

July 23, 1927 

2 

1757 


off Hiradate 

Takatuki and 
Sato 

July 24, 1927 

1 

2428 

116 

off Huziaima 

Hozawa 

July 22, 1929 

1 



Asamusi 

Iw. Taki 

Aug. 9,. 1930 

1 
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Distribution : 

Pacific coast 

Hokkaido: Akkesi (collected by Hada and Okuda). Hakodate 
(Stimpson coll., Gould described, Plate, Dall, Pilsbry, Dukker, 
Berry). Tugaru Straits (Pla'TO, collection by the “Soyfi^maru”, 
Station no. 654). 

Honsyfi : Hirotamura, Kesen-gun ; Miyako ; Sakiyamamura, Simohei- 
gun (collected by G. Toba), Iwate>prefecture. Onagawa Bay (coUec* 
tion at the Onagawa Marine Laborat<Hy), Miyagi-prefecture. Ona- 
hama (Nomura and Tunoda ; Taki), Hukusima-prefecture. Minato 
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(Sasamoto), Ibaragi-prefecture. Emi, ; Nemoto (Daix, Langford) ; 
Hozyo (Y. Okada and K. Baba), Tiba-prefecture. Misaki (Taki) 
Kanagawa-prefecture. Okitu (A. Huzita coll.).; Kawana, Tagata- 
gun (Y. Okada coll.), Sizuoka-prefeclure. Seto (IwAO Taki coll.) ; 
Sirasaki-mura, Hidaka-gun (K. Kanda coll.), Wakayama-prefecture. 
Kyusyu : Nango (Kuroda), Miyazaki-prefecture. Tomioka, Amakusa 
(Y. Okada and Baba coll.), Kumamoto-prefecture. 

Inland Sea : 

Honsyu: Awazi (Yagura, collected by Takase and Mokita) ; Settu ; 
Harima (Yagura), Hyogo-prefecture. Onomiti (collection at the 
Onomiti Marine Laboratory). Hiroshima-prefecture. 

Sikoku : Mitu (Taki) ; Tikami (Yagi), Ehime-prefecture. 

Coast of Japan Sea: Mutsu Bay, Aomori-prefecture. Sado (K. Kikuti 
coll.), Niigata-prefecture. Himi; Abugasima (K. Kikuti coll.), Toyama- 
prefecture. Torii-mura, Anno-gun, (Takagi coll.), Simane-profecture. 
Hukuoka (K. Baba coll.), Hukuoka-prcfecture. 

Pacific cxiast of North America : 

Bering Islands to Cerros Island, Lower California (I)aix). 

Family 3 CRYPTOPLACIDAE 
Subfamily A ACANTHOCHITONINAE 
Genus ACANTHOCHITON GraY 1821 (ACANTHOCHITONA; 

9. Acanthochiton rubrolineatus (Lischke, 1873) 

PI. XV, fig. 1; PI. xxm, figs. 1-6; PI. XXIV, figs. 1-2; PI. XXV, figs. 17, 18. 

Chiton rubro-lineatuB 

Ljschke (1873) Malftkozoologische Blatter, Hd. 21, S. 24. 

(1874) Japanische Meeres*Conchylien, Teil 3, S. 73-74, Taf. 5, Fig. 12; Nagasaki. 

Acanthochiton rubrthlineatus 

Dunkbr (1882) Index Molluscorum Maris Japonici, p. 160. 

Acanthochiton rubrolineatus 

Thiele (1893) Das Gebiss der Schnecken, Bd. 2, Lfg. 8, S. 399, Taf. 32, Fig. 32. 
YaoURA (1932) Hydgokensan Kairui Mokuroku, p. 20, no. 245; Awazi. 

Berqenhayn (1933) Kungl. Svenska Vetenskapsakademiens Handlingar, Bd. 12, No. 4, 
S. 45; Misaki, Sagami. 

Taki, Iw. (1936) Onomiti Kinkaisan Nantai-D6butu .Mokuroku, p. 1, no, 7; Onomiti. 
Taki, Is. (1986) Sait6 H^onkal Hakubutukan Zih6, No. 30, p. 1, no. 7; Matusima Bay; 
Matugahama; Kinkazan; Amiziaima; Onahama; Yunosima, Mutsu Bay; Taneiti, 
Iwate Ppef. 

Acanthochites fubroUnmOus 

PtUiKRY (1893) Manual of Conchology, Vol. 16, p. 18, pi. 2, fig. 50; Nagasaki. 
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PiLSBRY (1895) Catalogue of the Marine MoUuaka of Japan, p- 116. 

Nierstrabz (1906) Die Chitonen der Siboga>Expedition, S. 50. 

Thiele (1909) Zoologica. Bd. 22, Heft 56, S. 46, Taf. 6, Fig. 14-17; Enoaima, Sagami 
Bai; Hakodate; Nagasaki; Tsingtau; Tschifu. 

Aeaathodutona rtibnlineata 

Kueoda (1935) Miyazakikensan Kairui Mokuroku, p. 39, no. 3; Aosima. 

AcoMthoehiton tealandicus 

Thiele (1893) Das Gebiss der Schnecken, Bd. 2, Lfg. 8, S. 899, Taf. 82, Fig. 33, Naga* 
sakL 

Body oblong'ovate in outline ; medium sized ; shell rather small, convex 
at the jugum ; girdle not so much broader than median valves, beset with 
18 hair-tufts, generally dark blackish-green in colour. 

Head valve larger than semicircular, regularly convened with flattened 
apex, slightly waved at the anterior margin ; posterior edge slightly sinuated 
at the middle, provided with numerous, closely set, flat, oval granules; 
interior of the valve smooth with a well developed callus in the middle; 
teeth long, slightly wrinkled on the outer surface, shallowly incised by 5 
small slits; posterior margin broadly reflexed. 

Median valve trapezoid in shape, its breadth much broader than length, 
nearly straight at the anterior edge, well beaked at the posterior edge, 
regularly arched on both sides ; jugum not sharply demarcated from pleuro- 
lateral areas, sculptured with fine, longitudinal wrinkles ; pleuro-lateral area 
ornamented with numerous small, oval granules; sutural laminae radier 
short, extending forwardly ; sinus deep, moderately wide ; teeth thick, long, 
having a slit on each side ; interior of the valve smooth, tliidcened at the 
middle. 

Tail valve nearly straight at the anterior margin, vaulted at the jugum, 
strikingly arched at the posterior margin; mucro lies a litde behind the 
centre ; central area sculptured like that -of the median valves ; posterior 
slope somewhat con vexed, granulated likewise the head valve; sutural 
laminae short, truncated at the anterior edge; sinus wide, flat; posterior 
margin of insertion plate sinuated at the middle. 

Girdle covered densely with brownish smooth spinules, 20-30/^ long, 
intermingling with long, slightly curved, finely striped, sharply pointed 
spines, measuring 350 f* or more in length ; hair-tufts very marked ; bristles 
long, acute, hyaline or dark brown, over 1.5mm in length; marginal 
spicules straight, nearly smooth, hyaline or brownish, somewhat lotigmr 
tiian those of perinotum (length 430 p ) ; hyponotum clothed with small, 
hyaline spinules, measuring 100 or more. 

Radula : Central tooth obkmg shaped, truncated at the anterior end, 
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serrated at the posterior end ; centro-lateral square, with a small outer 
process at the anterior corner, a broad outer lamella at the posterior 
comer, weakly cusped at the anterior edge ; the middle of three cusps of 
major lateral is the largest, its shaft stout with a short outer wing at the 
anterior end, a small outer process near the base ; major uncinus moderately 
arched, with a small cusp at the front end ; three marginals elongate 
oblong in shape; outer marginal strikingly thickened at the inner edge. 

Ctenidia holobranchial with a small space between the posterior gill 
and the anus, ranging in correspondence with from the 4th to the tail 
valves, counted 21 or 22 branchiae on each side in a specimen measuring 
27 mm in length. 

Colouration : Shells of the type is fresh-gray coloured, maculated here 
and there with brown, nearly whitish on the 5th, 6th, 7th and a part of 
the 4th valves; much reddish on the 2nd valve; another valves are 
generally dark reddish-brown, having a wedge-shaped olive spot which is 
separated by a whitish longitudinal line in the middle of the 2nd, 3rd 
and 4th valves, and painted obliquely by longitudinal red lines. 

There are many varigated specimens in this species, for example, the 
girdle is yellowish throughout with white hair-tufts, uniformly brownish, 
dark brownish or dark greenish, and the shells are brownish with the 
dark longitudinal bands on the lateropleural areas as well as at the 
boundaries of tfie jugum, freckled with dark brown on the pale ground 
colour, or painted thoroughly with dark green ; the interior of the valves 


Locality 


Sp. no. 
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IxK'ALITY 

Collector 

Date 

Number op 

SPECIMEN 

684 

26A (I) 

Hutagoieima 

Hozawa and 
Ito 

July 9, 1926 j 

3 

1885 


Tutiya 



.3 

1921 

28 (11) 

Hutagozima 

Hozawa and 
Kokubo I 

Aug. 10, 1927 
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2052 
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Takaisozaki 

mxSTSSSMm 
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1 
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Hozawa 
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Aug. 7, 1930 

2 

-- 

— 

Aburamegasaki 

Iw. Taki 

Aug. 8, 1930 

14 


— 

Asamusi 

Iw. Taki 

Aug. 9, 1930 
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— , 

Mourazima 

Iw. Tart 

Aug. 10. 1930 

10 
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is pale blue and dark at the middle. 

Size: length 24 mm, breadth 20mm (Lischke) 

„ 27 mm, „ 13 mm (Mutsu Bay) 

Remarks : The specimen which had been kept in the Lobbeck Museum 
was lost. Thiele (1909), however, examined several specimens from Japan 
and single specimen, supplied by the same museum, which he considered 
to be the original specimen from the type locality. According to him the 
distinguishing characters of this species are that the median valve is much 
broader than long and is nearly equal in width to that of the girdle ; the 
mucro of the tail valve is situated at about the middle, spines of the 
girdle are acute at the tip with 6ne striations over half the length. 
Distribution : 

Pacific coast 

Hokkaido: Muroran (1) (Emura) ; Hakodate (2) (Thiele, Iw. Taki). 

Honsyu ; Taneiti (3), Miyako (4) (Toba), Iwate Pref. Onagawa (5) 
(Imai) ; Kinkazan (6) (Taki) ; Matusima Bay (7) (Takewaki), 
Miyagi Pref. Onahama (8) (Taki), Hukusima Pref. Hutomi (9) 
(Hirase), Tiba Pref. Yokohama (10) (Taki), Misaki (11) (Taki, 
Bergenhayn) ; Kamakura (12) (Inazawa) ; Enosima (13) (Thiele, 
Taki), Kanagawa Pref. Simoda (14) (Kaneko), Sizuoka Pref. 
Osima (15) (Oyama, Yamamura). Toba (20) (Morita Yamada), 
Mie Pref. Seto (21) (Taki) ; Kada (22) (Kanda), Wakayama Pref. 

Sikoku: Kasiwazima (25) (Sugimoto), Koti Pref. 

Kyusyu ; Aosima (26) (Kuroda), Miyazaki Pref. Natui, Sibusi Bay 
(27) (Hara) ; Kagosima Bay (28) (Iw. Taki), Kagosima Pref. 
Inland Sea : 

Honsyu : Awazi (30) (Yagura, Morita), Hyogo Pref. Onomiti (31) 
(Iw. Taki) ; Uzina (32) (Taki), Hifosima Pref. 

Sikoku: Mitu (33) (Taki), Ehime Pref. 

Kyusyu: Sirako (34) (Takagi), Oita PTef. 

Western coast: 

Kyusyu: Akune (35) (Mitukuri), Kagosima Pref. Hyakkanisi (36) 
(Iw. Taki) ; Amakusa (37) (Baba), Kumamoto Pref. Nisiariie (38) 
(SiKi): Nagasaki (39) (Lischke, Dunker, Thiele, Sonehara); 
KLsyuku (40) (Yosida) ; Tomie (41) (Oga), Hukuezima ; Sanri, 
Takanosima (42) (Hiroyama) ; Ituhara, Tusima (43) (Egtiti) ; Naga- 
saki Pref. 

Tyoscn : Reisui (44) (Okuda) ; Moppo (45) (Ra) ; Gunzan (46) (Okuda) ; 
Zinsen (47) (Mori, Kamta) ; Tokutumisima (48) (Kamita). 
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China: Tschifu (49), Tsingtao (50) (Thiele). 

Japan Sea: 

Honsyu: Mutsu Bay (52), Aomori Pref. Niigata (53) (Emura), 
Niigata Pref. Toyama Bay (54) (Kikuti), Toyama Pref. Torii- 
mura, Annogun (55) (Takagi), Simane Pref. 

Tyosen (Korea) : Husan (58) (Yosida). 



Text-6g. 1. Geographical distribution of Aoanthochiton rubrolineatut (I.i8CiiKE) (•) 
and Aeanthoehiton achates (GouIsD) (x). 
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10. Acanthochiton adiate* (Gould, 1859) 

PI. XV, 6g. 2; PI. XXIII, fiffi. 7-11; PI. XXIV, fig$. 3-7. 

Chiton {Acanthochaeiei) achates 

Gould (1859) Proceedings of the Boston Society of Natural History, Vol. 7, p. 165. 

(1862) OUa Conchologica, p. 118; Kikaia and Hakodate Bay. 

Acanthochiton achates 

Dunker (1882) Index Molluscorum Maris Japonic!, p. 160. 

Acanthochiten achates 

PiLSBRY (1893) Manual of Conchology, Vol. 15, pp. 18-19. 

(1895) Catalogue of the Marine Mollusks of Japan, p. 115. 

Nierstrasz (1905) Die Chitonen der Siboga-Expedition, S. 59. 

Thiele (1909) Zoologica, Bd. 22. Heft 56. S. 46-47, Taf. 6, Fig. 18-23; Hakodate. 
Acanthoehites subachates PiLSBRY, MS. 

Taki, Is, (1923) D6butugaku Zassi, Vol. 36, pp. 288‘'289, 1 text*fig.; Misaki, Sagami. 

Baba (1929) Ddbutugaku Zassi, Vol. 41, p. 112, pi. 1, 6g. 1. D. 

Acanthochiton sagatnicus 

Bergenhayn (1933) Kungl. Svenska Vetenskapsakademiens Handlingar, Bd. 12, No. 4, 
$. 43-45, Taf. 1, Fig. 14, Text*5g. 14; Misaki, Sagami. 

Shell narrow, elliptical in outline; girdle wide, provided with short, 
unequal spines and bunches of spicules. 

Head valve semioval, finely granulated on the surface, nearly straight 
at the posterior edge; teeth thick, long, sharp, roughened on the outer 
surface; slit deep, 5 in number. 

Median valve trapezoid or scale-shaped, strongly beaked ; jugum not 
so distinctly bordered, weakly provided with longitudinal striation which 
give a moniliform appearance near the boundaries on both sides; latero- 
pleural area finely ornamented with elongate oval granules ; sutural laminae 
widely protruding anteriorly ; sinus deep with rounded base. 

Tail valve very small compared with die size of the -body, eliptical in 
shape, exceedingly broader than long, nearly straight at the anterior edge ; 
mucro flat, subterminal, posterior area small, steep; posterior margin of 
the articulamentum straight; sutural laminae large, strikingly extending 
anteriorly widi truncated edge in front. 

Girdle covered densely with large and small vines, large ones spindle 
shaped, hyaline or yellowish brown, sometimes blue, or bluish green in 
colour, conspicuously striated near the tip, with chitinous cup at the base, 
measuring 420-500 /i in length ; small spines smooth, sharply pointed at 
the tip, hyaline or ydlowish brown, being 70-120 long ; marginal spines 
straight, nearly smooth, usnaOy hyaline, pointed at the tip with chitinous 
cop at the base, attaining . 550 yu in length; sphiul^ hyponotum some- 
what flattened spindle shape, hyaline, measured 60-120 fi in length; spicules 
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of hair-tuft thin, long, acute at the tip, hyaline or yellowish or bluish in 
colour, 1.2-1.8nini in length. 

Colouration : shell generally dark brown or sooty in colour ; median 
valve having usually 1 or 3 whitish or yellowish streaks on the jugal tract, 
sometimes provided with small white freckles on the lateral regions; 
interior of valves glaucous, sometimes reddish or brownish at the middle ; 
girdle usually dark brown or dark blue, sometimes variegated ; hair-tufts 
white or yellowish or brownish in colour. 

Radula: central tooth oblong, slightly constricted at the middle on 
both sides, roundly arched and slightly cusped at the anterior edge, some- 
what pointed at the base ; centro-lateral squarish, having small outer process 
at the anterior corner, exceedingly broad outer lamella and small cusp at 
the anterior edge; major lateral tricuspid, its shaft thick, with rounded 
inner wing at the anterior end, outer wing very small ; major uncinus long, 
stout with small cusp and large basal plate; outer marginal oblong, 
thickened at the inner margin. 

Ctenidia holobranchial with a small space between the gill and the 
anus, extending in correspondence with from the 3rd valve to the tail 
valve or occupying 5/6 the entire length of the foot, 30 gills on each 
side in the specimen measuring 27 mm in length, 35 in the specimen 
30 mm long. 

Size: length 22mm, breadth 12mm 
„ 27 mm, „ 15 mm 

„ 30 mm, „ 20 mm 

„ 31 mm, „ 17 mm 

„ 32 mm, „ 20 mm 

Remarks: This species bears so strong a resemblance to A. rubro- 
lineatus that even a sensible taxonomist sometimes fails to distinguish 
them. The following features may be a helpful guide to the dear distinc- 
tion between Aem. In the present species, 1) the tegmental granulations 
are usually finer ; 2) the median valves are much more beaked posteriorly ; 
3) the sufairal laminae are longer and more protruded anteriorly ; 4) the 
tegmental area of the toil valve is much smaller with a subterminal mucro ; 
5) spines of girdle are much thicker and longer, with distinct striations 
near the tip. 

Bbrgbnhayn {1933) described Acanthochiton sagamicus from Misaki, 
Kanagawa Prefecture and myself (1923) reported a species under the 
manuacrmt name Acanthochites subachates ” from the same locality. Both 
fwms 'vtould fidl into A. achates oi Gould in all respects. 
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Locality: 5 specimens were collected by Iw. Taki at Mourazhna on 

August 10, 1930. 

Distribution : 

Pacific coast 

Hokkaido: Hakodate (2) (Gould, Thiele). 

Honsyfl : Miyako (4) (Toba), Iwate Pref. Tokyo Bay (10) (Taki), 
Tokyo Pref. Zyogasima (11) (Taki), Misaki (11) (Taki, Bergen- 
hayn), Kamakura. (12) (Taki), Enosima (13) (Taki), Kanagawa 
Pref. Simoda (14) (Kaneko) ; Okitu (18) (A. Huzita) ; Omaezaki 
(19) (A. Huzita) ; Sizuoka Pref., Osima (15) (Yamamura) ; Kamizu- 
sima (16) (MiYAZi) ; Hatizyozima (17) (T. Huzita), Izu Sitito. 
Toba (20) (Yamada), Mie Pref. Seto (21) (Taki); Gobo (22) 
(Okamoto), Wakayama Pref. 

Sikoku : Murotozaki (24) (Hiro) ; Kasiwazima (25) (Sugimoto), Koti Pref. 

Kyusyu : Natui, Sibusi Bay (27) (Mitukuri). 

Amami Syoto : Kikaizima ? (29) (Gould). 

Inland Sea: 

Honsyu: Onomiti (31) (Taki), Hirosima Pref. 

Sikoku; Mitu (33) (Taki), Ehime Pref. 

Kyusyu : Sirako (34) (K. Takagi), Gita Pref. 

Japan Sea: 

Hokkaido: Hukuyama (51) (T. Kinosita). 

Honsyu : Mutsu Bay (52), Aomori Pref. Toyama Bay (54) (Kikuti). 

Tyosen (Korea) : Urutin (56) (Toda), Kogendo ; Kyuryflho (57) 
(Hatakeda), Keisyohokudo ; Husan (58) (Yosida), Keisyonando; 
Uturyoto (59) (Sugiyama). 

Subfamily B CRYPTOPLACINAE 
Genus CRYPTOPLAX Blainville 1818 

11. Cryptoplax jc^Kmica Pilsbry 1901 
PI. XIV, fig. 15: PI. XXIV, figs. 8, 9; PL XXV, figs. 1-5, 19-21. 

? Chitonellus fasdatus 

Tapparon£<Canefri (1874) Zoologia dol Viaggio Intorno al Globo della Regia Fregata 
Magenta, Malacologia, p. 178; Japan. 

Chitonellus lartiaefortnis 

Thiele (1893) Das Gebias der Schnecken. S. 400, Tal. 32, Fig. 36; Hakodate (Hiioen- 
dorf). 

Cfyptoplax japonicua 



CHITONS OF MUTSU BAY 


363 


PIL 8 BRY (1901) Proceedings of the Academy of Natural Sciences of Philadelphia. Vol. 
53, p. 204; Hirado (Hirase). 

Hirasb, Y. (1907) Catalogue of Marine Shells of Japan, p. 12. no. 1177 a; Hirado. 
Hizen. 

Taki, Is. (1924) D6butugaku Zassi, Vol. 36, No. 429, pp. 287-288, 1 text-fig; Misaki, 
Sagami. 

(1929) Venus. Vol. 1. pp. 108, 116, 6g. 54. 

Baba, K. (1929) DAbutugaku Zassi, Vol. 41, No. 485, pp. 112 114, text-figs. Ill, 1-5. 
Kuse, Y. (1930) Tatugahama Kinkaisan Kairui Mokuroku, p. 12, no. 181. 

GlSfJ^, T. (1931) Journal of the Faculty of Science Imperial University of Tokyo, 
Sect. 4, Vol. 2, Part 4, pp. 433, 441; Misaki. 

Bergenhayn U933) Kungl. Svenska Vetenskapsakademiens Handlingar, Hd. 12, No. 4, 
S. 52-54, Taf. 1, Fig. 19, Text-fig. 17 a, b, d--f; Misaki, Sagami. 

Cryptoplax japonica 

Thiele (1909) Zoologica, Bd. 22, Heft ,56. S. 4, 8, 54-55, Taf. 6, Fig. 95-96; Hakodate 
(H11.GKNDORF). 

Hirase, Y. ^TOIO) Nippon Senkai Mokuroku, p. 23, no. 497; Hizen. 

Taki, Is. and Iw. Taki ri930) Venus, Vol. 2, No. 3. pp. 101, 103. 

Yagi, S. ;,1931) Ehimeken D6butu8i, p. 67, no. 729; Tikami. 

KlKim, K. (1931) Toyamawan Nantaid6biitu Mokuroku, p. 2, no. 4; Takosiina; Noto. 
Hirase, S. (1934) Cx)llection of Japanese Shells, p. 65, fig. 4. 

Kuroda, T. (T935) Miyazakikensan Kairui Mokuroku, p. 39, no. 4; Aosima. 

Taki, Iw. (1936; Onomiii Kinkaisan Nantaid6butu Mokuroku, p. 1, no. 8. 

Cryptoplax rhodoplax 

Pn.SBRY (1901) Proceedings of the Academy of Natural Sciences of Philadelphia, Vol. 
53, p. 20; Hirado (Hirase). 

Hirase, Y. (1907) Catalogue of Marine Shells of Japan, p. 12, no. 1177l>; Hirado, 
Hizen. 

(1915) Conchological Magazine, Vol. 4, pi. 1, fig. 6. 

Thiele (1909) Zoologica, Bd. 22, Heft 56, S. 55, Taf. 6, Fig. 90-94; Hirado ^Hirase); 

Hakodate (HilgenixjRF); Knoshiroa (Doderlein); Nagasaki (Bunge). 

Yagura (1916) Hy6gokcnsan Kairui Mokuroku, p. 2, no. 716, Awazi. 

Yagi, S. (1931) Ehimeken Ddbutusi, p. 67, no. 730; Tikami. 

Yokoyama (1931) Catalogue of Marine, Freshwater and I-and Shells of Japan, p. 16, 
no. 467; lyo. 

Cryptoplax japonica rhodoplax 

Kanamaru (1932) Venus, Vol, 3, No. 5, p. 237, no. 44; Simoda. 

Body large, elongate vermiform, nearly equal in breadth throughout 
tile entire length ; four anterior valves usually, sometimes three anterior 
only imbricated, four posterior separated each other with short intervals, 
of which the spacing between the 5th and the 6th is the longest, between 
the 7tb and the tail valve the shortest ; girdle wide, brownish yellow in 
colour, banded transversely with dark brown. 

Head valve : tegmentum somewhat longer than wide, ornamented with 
elongate tubercles, arranged densely in radial series, sometimes traversed 
by some lines of growth ; teeth long, thick, smooth ; slit deeply incised at 



364 


I. TAKI 


the front edge, 3 in number, interior of valve smooth, without slit lines. 

Median valve : second valve oval shaped, shorter than tail valve, jugum 
defined, dilated and protruded anteriorly, sculptured with fine longitudinal 
lines; fourth valve having the tegmentum of about equal breadth to the 
second, being not so much protruded as the preceding one ; laterO'pleural 
area small, provided with 4 or 5 longitudinal series of tuberdes, forming 
sometimes coarse riblets by their coalescence; interior of valve smooth; 
posterior edge strongly reflexed ; sutural laminae smaU, protruded forward, 
separated by flat sinus. 

Tail valve becoming narrower anteriorly, rounded posteriorly; mucro 
terminal, flat, blunt, inconspicuous, especially not protruded posteriorly in 
young specimens, but somewhat prominent in full grown ones ; insertion 
plate short, thick, nearly vertical. 

Girdle : perinotum clothed densely with spines of various size, brownish 
or hyaline, of which the larger ones slightly curved, smooth, sharply pointed 
at the tip, standing on small chitinous base, the smaller ones slightly 
curved or nearly straight, deeply grooved, moderately pointed at the tip; 
marginal spines much longer than those of perinotum, hyaline, smooth 
with acute tip ; hyponotum densely crowded by small, curved, acute, hyaline 
spinules. 

Colouration: Body coloured with brownish throughout, but usually 
tessellated rather irregularly with dark brown ; tegmentum with dark 
brown; articulamentum whitish, bluish, greenish or bright rose coloured. 

Radula: central tooth oblong shaped, rounded anteriorly, with strong 
cusp at the tip, slightly waved on both sides, bilobed at the posterior 
end ; centro-lateral having broad outer wing at the postorior corner, notched 
at the anterior corner, nearly straight at the front edge ; major lateral 
tricuspid, the median cusp is the longest, shaft nearly straight in both 
edges, with small wing at the anterior comer, strongly ribbed at the back ; 
major uncinus long oar-shaped, subtruncated at the anterior end with small 
cusp ; base large thick ; outer marginal nearly square. 

Gill: merobranchial, branchiae about 18 on each side, disposed in 
correspondence with the interval between the 7th and the 8th vidve. 

Size: The type specimen measured 28mm in length in dried con- 
dition ; body 57 mm in length (Bergenhayn) ; the specimens of this 
species taken from Mutsu Bay are all very small and most of them are 
strongly curled ; two uncurled specimens measured respectively 20 mm 
and 30 mm in length. 

Remarks: The species which was reported by Tapparone-Carefri 
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(1874) from Japanese waters may be referred in all probability to PiubRy’s 
species. 

Thiele (1893) figured and described the radula of this species as of 
Otttonellus larmeformis and later he (1909) corrected the naipe and 
discussed at length the two forms which have been recorded by PiLSBRY 
(1901) from Hirado. The conclusion he arrived at was that Cryptoplax 
rhodoplax should be conspecific with C. japonica. Since the Japanese 
species has the tegmenta of various sculptures and the differently coloured 
articulamenta, both sculpture and colour do not amount to an absolute 
criterion of the two species. 

Bergenhayn (1933) worked out on the species and pointed out the 
difference from the results of Thiele especiaUy concerning the structure 
of radula and stated that the distinguishing character of this species is 
the median cusp of the major lateral which is exceedingly longer than 
the outer cusps. But that is not peculiar to the species but the feature 
characteristic of the genus, and tnoreover the length of the cusps varies 
with different position even in one and the same radula. It becomes, 
therefore, desirable to make a more careful study concerning the structure 
of tooth in the radula of this species. 


Locality 


,Sp. No. 

Station 

Locality 

COIXECTOR 

Date 

l^UMBER OF 
SPECTJMEN 

1744 


Kanida 

Takatuki and 
Sato 

July 23, 1927 

s 

2045 

102 


floZAWA, Taka- 
tuki and Sato 

Aug. 17, 1927 

1 

2054 

102 

BB 



1 

2093 

104 

Oma 

- 

Aug. 18, 1927 

2 

2164 

104 

St 


•• 

1 






Total 13 


IHstribution : 

Pacific coast 

Hdckaidfi: Hakodate (Hilgendorp). 

Hoiuyfi ; Matnsima Bay (Takewaki), Miyagi Pref. Hutomi (Hirase). 
TibaPref. M»aki*(TAKi, BERcttmAYN) ; Hayama (Taki) ; Enosima 
(PdDERLffiN), Kanagawa Pref. Simoda (Kanamaru, Kanero) ; 
, BiKHira ^aba) ; Omaezaki (A. Huzita), Sizuoka Pref. Wagu (T. 
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Yamada, a. HuzIta), Mie Pref. Seto (Iw. Taki) ; Sirasakimura 
(K. Kanda) ; Gobo (Okamoto) ; Tatugahama (Kuse), Wakayama 
Pi-ef. 

Sikoku : Kasiwazima (Sugimoto), Koti Pref. Yawatahama (Taki), 
Ehime Pref. 

Kyusyu : Aosima (T. Kuroda), Miyazaki Pref. Sakurazima, Kagosima 
Bay (Mitukuri); Amamiosima (Mitukubi), Kagosima Pref. 

Inland Sea : 

Honsyu : Awazi (Yagura), Hyogo Pref. Onomiti (Iw. Taki), Hiro- 
sima Pref. 

Sikoku : Tikami (Y agi) ; Mitu (Taki), Ehime Pref. 

West coast : 

Kyusyu : Amakusa (Baba), Kumamoto Pref. Nagasaki (Bunge) ; 
Hirado (Pilsbry, Hirase, Thiele) ; Waniura (Hara) ; Tusima 
(Maki), Nagasaki Pref. 

Tyosen : Kanrin (Okuda) ; Zyozanho (Kurihara), Saisyuto. 

Japan Sea : 

Honsyu ; Mutsu Bay, Aomori Pref., Toyama Bay (K. Kikuti), Toyama 
Pref. 


Family 4 ISCHNOCHITONIDAE 
Genus ISCHNOCHITON Gray 1847 

12. Ischnochiton comptua (Gould, 1859) 

PI. XIV, figs. 5, 10; PI. XV, figs. 6, 7; PI. XXV. figs. 9-16; PI. XXVII, figs. 6, 7; 

PL XXIX, figs. 11 16. 


Chiton {LeptacfUton) comptus 

Gould C1859) Proceedings of the Boston Society of Natural History, Vol. 7, p. 163; 

Oosima; Bonin and Liu-kiu Is. 

(1862) Otia Conchologica, p. 117. 

Kuroda (1928) Catalogue of the Shell-bearing Mollusca of Amatni-Oshima» p. 20, 
no. 213. 

Ischnochiton (Ischnochiton) eomptus 

Pilsbry (1893) Manual of Conchology, Vol. 14, p. 117; Philippines (Cuming). 

(1895) Catalogue of the Marine Mollusks of Japan, p. 114.' 

(1898) Nautilus, Vol. 12, pp, 50-61. 

NiEWSTRAez (1905) Die Chitonen der Siboga-Expedition. S. l?4-27, taf. 1, Fig. 10; Taf. 
3, Fig. 77-85; West Lombok; and North Celebes; Great Sangir Is.; Amboina 
Is.; Darama Is.; East Sumbawa Is., etc. 

Thiele (1910) Zoologica, Bd. 22. Heft 56, S. Ill, 118, 114. 

Kikuti, K. (1931) Toyareawan NantaldObuUi Mbkurakii, .p. 2, no. 5; Abugasima. 
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YaciURA (1932) Hy6gokensan Kairui Mokuroku, p. 20, no. 24; Tazima; Harima; Settu; 
Awazi. 

Taki, Iw. (1936) Onomiti Kinkaisun Nantaid6butu Mokuroku, p. 1, no. 1. 

Taki, Is. (1936) 3ait6 H6onkat Hakubukan Zih6, No. 30, p. 1, no. 1; Onahama. 
hchnochiton thaanumi 

Dau^ (1926) Proceedings ot the Biological Society of Washington. Vol. 39, p. 66; 
abstract, Is. TaRi (1928) Venu.s, Vol. 1, no. 1, p. 42; Nago, Okinawa Is. in Loochoo 
Islands. 

Kuroda (1928) Catalogue of the Shell-bearing Mollusca of Amami-Oshiina, p. 20, 
no. 212. 

Kuse, Y. (1930) Tatugahama Kinkaisan Kairui Mokuroku, p. 12, no. 182 (part\ 
Ischnochiton cUbrechti 

Tiiiei^e (1893) Das Gebiss der Schnecken, S. 382, Taf. .SI, Fig. 19; Hakodate (Hiu;kn. 
DORF). 

hchnochiton (JschnoradsicL) hakodadenais 

Thiele (1909) Zoologira, Bd. 22, Heft 56, S. 3. 
hchnochiton sp. 

Taki, Is. (1924) D6butugaku Zassi, Vol. 36, No. 429, p. 284, 1 fig.; Misuki. 

Yokoyama (1931) Catalogue of Marine, Freshwater and Land Shells of Japan, p. 16, 
no. 461; lyo. 

YA(il, S. (1931) Ehimeken Dfibutu Si, p. 67, no. 735; Tikami. 

Chiton of moderate size, shell thin, oval or elliptical in outline, dorsum 
not prominently elevated, entire surface finely granulated ; girdle rather 
narrow, imbricated regularly with large, solid, smooth, somewhat convexed 
scales. ' 

Head valve semicircular, with about 40 to 60 divaricate radiating, 
minutely beaded threads, of which the hindmost very broad, not traversed 
by the lines of growth, having 11 to 17 slits, usually 11 to 12 in number, 
arranged rather irregularly around the anterior margin ; teeth short, sharp, 
weakly waved on the outer surface; eaves moderate in width; slit-lines 
distinct, whitish. 

Median valve slightly mucronate, but not keeled ; sutural line nearly 
straight, side slopes roundly arched ; jugal area not defined ; central areas 
having the lines of granules either parallel or bending toward the acute 
jugum, intersected by forwardly diverging series of grooves, forming a 
zigzag or ripple pattern ; granules rather round on the jugal region, 
becoming elongate oval in shape toward the periphery ; lateral areas 
somewhat elevated, having small radiating furrows, at first 3 to 5 in 
number, then splitting into 6 to 10, traversed deeply by three or more 
line.s of growth ; faiterior of the valves smooth, not strongly callused, 
having one slit on each side ; sutural laminae moderately extended ante- 
riorly with acute edge ; sinus flat, wide ; slit-lines rather grooved, provided 
with very small pdres in a row. 
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Tail valve : mucro somewhat elevated, situated digbdy in firoat at die 
itiiddle ; posterior area flat, a little concave, ornamented with about 40 to 
50 delicate radial threads; slits 9 to 13, usually 11 in number. 

Girdle : large scales of perinotum quite smooth, biA sometimes marked 
transversely with numerous, very fine striations, irregulariy pitted, usually 
pectinated at the tip, probably caused by erosion ; peripheral scales very 
smidl, cylindrical or ovoidal in shape, narrowing slightly toward the tip, 
smooth on the surface, containing numerous minute granules; large mar- 
ginal-spines thick, sharply pointed, finely striated; small marginal-spines 
rod-shaped, smooth with blunt end ; marginal spinules clavifoim with acute 
tip, weakly striated at the distal end; hyponotum scales hyaline, oblong. 

Colouration : it is generally light grey in colour with small round white 
maculations, though variation in colour is great, being (a) densely clouded 
with olive ; (b) light clouded mottled with dark and lilac ; (c) four central 
valves chestnut, the rest olivaceous; (d) brown with olive, with broad 
white streak down the centre ; (e) light reddish-chestnut mottled ; (f) the 
same as e, shading into olivaceous ; (g) sixth and eight valves dark (dive- 
brown, the rest light ashy; (h) the whole light ashy; girdle alternately 
suffused in grey and whitish patches. 

Radula : central tooth strongly cusped, slightly, sinuated at the anterior 
end, base -dilated on both sides; centro-lateral deeidy cu^>ed, straifflit at 
the front edge, shallowly sinuated at the outo* edge, its basal plate 
nearly triangular in shape; major lateral bicuspidate, inimr wing large, a 
little reflmced at the end, base expanded outwiwdly so as to form a 
triangular wing; major uncinus curving inwardly, dilided at the, anterior 
end with a cusp, stalk stout, with a small, sguaririi basts ; owdian marginal 
bilobed at the posterior end ; outer marginal pentagoffid shape, directing 
forward the blunt end. 

Gills nearly kmbient, ctenidia 22 to 32 m Wlliber on each si<]e. 

Size: Imigth 15mm, breaddi lOnntt (type). 

„ 17.5 mm, „ 10 mM (CtniiNo) 

„ 23 mm, „ ISjnm ({d. XV, fig. 7) 

„ 18 mm, „ 11 mm (pt. XV, fig, 6) 

„ 16 mm, „ 9.5 nmi (pi.. XiV, fig. IIQ 

Divergency: 120* (typal. 110* (pi. XXV, fi^ 1^ 

Remarks: Radter stiatige ft ie that Go««it (tfiSfi^pfaMNNl iliis sp^^ 
in Uftoch^on, riim dm seales we aaianp; «M(aHi as in dUton. 

Swing on this rei^ PlLSBtr fiertut j» aa a member of /scfino- 
chiton s. str., stating diw the naHttw vilMm ijive one dit an each aide. 
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As indicated in the diagnosis the insertion plates of this species have 
generally one slit on both sides, while sometimes two on one side and 
one on the other and very rarely two on both sides. 

The most important distinguishing character of this species is in the 
girdle scales described by Gould (1859) thus “ the girdle is narrow and 
imbricated with small elongated grooved scales ”, and by Carpenter from 
Cuming’s beautiful specimens, “the girdle has large, solid imbricating 
scales, sometimes very slightly striated Pilsbry (1893) remarked in 
examining the typical specimens, that “ the striation of the scales can 
seldom be seen ”, and Nierstrasz (1905) referred the examples collected 
in Uie course of the Siboga-Expedition to Celebes, Lombok and other 
places, to this species notwithstanding their scales are smooth. 

It is difficult to get a clear idea as to the characteristic features of 
scales whether they are evenly smooth or distinctly striated, as the tvpe 
was differently described by different authors. Nierstrasz is right to refer 
the material of the Siboga-Expedition to this species, because the valves 
agree in most respects with those of the type. I think that the original 
specimens included two forms. Upon examination of numerous specimens 
collected from the type locality and from other places of Japan, I can 
clearly distinguish two forms, one of which has smooth and the other 
distinctly striated scales, both occurring almost always in the same habitat. 
I do not, therefore, hesitate to consider the specimens of smooth scales 
as I. complm and that of striated scales as /. honinensis of Bergenhayn 
(1933). 

Since the identification of this form has been very difficult, I asked 
the late Dr. Dale’s assistance in April, 1926 in sending notes and figures 
and in stating that “the present species seems to ally very closely to I. 
comptus of Gould, but I can not deside whether or not it is the same 
species, because the original descriptions too meagre for identification. If 
this be a new specieis, I would call it /. ienuitestus". Dr. Dale’s letter 
dated June 25, 1926 says that “ /. tenuitestus is the same as a shell which 
I. named thaanumi in a paper appeared in the Proceedings of the Biological 
Society of Washington (Vol. 39, p. 66) and your specimens differ only in 
ooloar ”. I was, however, not very much satisHed with his letter, because 
he did pot give any notion as to how it should be distinguishable from 
/. eop^itttts. I thought that the form with the striation on the scales was 
/. theuHUtmi and that with smooth scales /. comptvs. Recently I have 
been delighted to have an opportunity of examining the cotype of /. 
IfcWfiBMti, kindly sent me by Mr. D. Thaanum of Hawaii. In examining 
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the cotype it became clear that there are no difference between /. thaanumi, 
and the smooth scaled species which I have hitherto treated as /. comptus, 
in other words, /. thaanumi is synonymous with I. comptus. 

All too fragmentary or insufficient original descriptions often lead the 
later authors to confusion. For instance Thiele (1893) considered a form 
of Ischnochiton as albrechti of Schrenck, which was collected by Hilgen- 
DOKF from Hakodate, and afterward he (1909) corrected the name to /. 
hakodadensis, and again -he (1910) came to realize that this was neither 
albrechti, hakodadensis, comptus nor mitsukurii, for it had smooth, large, 
solid scales, though he has not given any further account of it. The 
radula of this form, figured and described in his work “ Das Gebiss der 
Schnecken ”, agrees so well that of /. comptus, that Thiele’s specimens 
can without a doubt be referred to this species. 

locality 


Sp. No. 

STATrON 

Locality 

Cor.LECTOB 

Date 

Number of 

BPKfTMKNS 

675 

1, (A) (1) 

Yuno.sima 

— 


2 

1897 

- 

II 

Hoeawa 

Aug. 9, 1927 

1 

— 

— 


Iw. Taki 

Aug. 15, 1930 

6 

2062 

103 

Sai Bay 

Hozawa, Taka- 
TUKi and Sato 

Jul. 17, 1927 

1 

1716 

— 

Kanida 

Takatuki 

Jul. 1927 

8 

— 

— 

Asamusi 

Iw. Taki 

Aug. 9, 14, 
1930 

10 

4 

— 

-* 

; 

- 

1 

5 

— 

... 


— 

1 






Total 30 


Distribution 
Pacific coast 

Hokkaido: Hakodate (Thiele) 

Honsyu : Onagawa (Taki) ; Matusima Bay (TakeWAKi), Miyagi Pref. 
Onahama (Taki), Hukusima Pref. Kominato ; Hutomi, Tiba Pref. 
(Hirase). Yokohama (Taki) ; Misaki (Taki, Y. Osima, Takewaki), 
Kanagawa Pref. Simoda (Kaneko) ; Numatu (K. Oyama) ; Omae- 
zaki (A. Huzita), Sizuoka Pref. Hatizozima (Utiyama), IzusitHto; 
Titizima (Hirota), Ogasawara Idands. Seto (Iw. Taki); Gobfi 
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(Okamoto) ; Sirasakimura (K. Kanoa), Wakayama Pref. 

Sikoku : Naruto (HtROTA), Tokusima Pref. Kasiwazima (Sugimoto), 
Koti Pref. Yawatahama (Taki), Ehime Pref. 

Kyiisyu ; Kagosima (Iw. Taki) ; Makurazaki (Mitukuki) ; Amamiosima 
(Gould, Mitukubi), Kagosima Pref. 

Loochoo: Nago, Okinawa Pref. (Langford & Thaanum). 

Taiwan : Kiirun (Takahasi) ; 6tei (S. Takahasi). 

Philippines (Cuming). 

East Indian Islands : Great Sangir Island ; Kwandang Bay, North 
Celebes ; Palos Bay, West Celebes ; Amboina Is. ; Damma Island ; 
East Java ; West Lomboc Island ; Sapeh Bay, Sumbawa Island ; 
South Timor (Siboga-Expedition). 

West coast : 

Kyusyu : Kamikosikizima (T. Kukoda) ; Akune (Mitukuri), Kagosima 
Pref. Amakusa (Baba), Kumamoto Pref. Nisiariie (SiKi) ; Kisyuku, 
Goto (Yosida) ; Tusima (Maki), Nagasaki Pref. 

Tyosen : Kanrin, Saisyutn (S. Okuda) ; Gunzan, Zenrahokudo (Okuda). 
Inland Sea: 

Honsyu : Harima ; Settu ; Awazi (Yagura), Hyogo Pref. Onumiti 
(Iw. Taki), Hirosima Pref. 

Sikoku : Mitu (Taki) ; Tikami (Yagi), Ehime Pref. 

Japan Sea: 

Hokkaido: Hukuyama (T. Kinosita). 

Honsyu: Mutsu Bay, Aomori Pref. Kawasaki, Sado (K. Kikuti), 
Niigata Pref. Toyama Bay (K. Kikuti), Toyama Pref. Nanao 
Bay (T. Kuroda), Isikawa Pref. Miyazu Bay (A. Iizuka), Kyoto 
Pref. Tazima, Hyogo Pref. (Yagura). Tazirimura (M. Hobi), 
Tottori Pref. Toriimura (S. Takagi), Simane Pref. 

Tyfisen : Husan (Okuda) ; Ozyori (Hatakeda), Keisyonando. 

13. Ischnochiton pauiulus, nov. sp. 

PI. XV, fig. 10: PI. XXV, fig*. 6-8; PI. XXVI, fig*. 6-12; PI. XXVII, figs. 8, 9. 

Body small, 5 mm in length ; shell highly elevated with vaulted jugum, 
punctated all over in quincunx, light reddish purple in colour; girdle 
narrow, covered with findy striated scales. 

Head valve evenly granulated in quincunx, slope steep, straight, smooth ; 
interior of valve smooth, shining, pinkish coloured, not callused, having 
10 or 11 ait die periphery. 
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Median valve strongly raised at the jugum, but not carinated, side 
slopes roundly convex, posterior margin slightly beaked ; jugum not defined ; 
central area beset evenly with forwardly converging series of elongate, 
flat, granules, intersected by somewhat stronger forwardly diverging 
grooves ; lateral area slightly elevated, diagonal line inconspicuous, entire 
surface cut into fine granulation, formed by intersection of two dflferent 
series of oblique lines of rather rounded granules ; interior of valve smooth; 
callus flat ; slit shallow, 1 on each side ; slit-line well defined ; teeth short, 
thick, smooth on both surfaces ; sutural laminae small, roundly arched at 
the front edge, widely separated by a flat sinus. 

Tail valve very small ; sutural line roundly arched ; central area much 
more vaulted than in the median valves ; mucro flat, inconspicuous, situated 
a little behind the middle; diagonal line low, not conspicuous; posterior 
slope small, steep, deeply concave; sutural laminae small, flat, nearly 
straight at the anterior edge; slits 9 to 12, arranged rather irregularly 
at the periphery. 

Girdle: perinotum clothed with a little curved, finely grooved scales, 
grooves usually 15 in number in large scales, peripheral scales very small, 
strikingly ribbed, its base rhombic in shape ; marginal spines long, hyaline, 
obliquely striated, with small root; marginal spinules very small, hyaline, 
smooth, pointed at the tip, intermingling sparsely with strongly ribbed, 
sharply pointed, globular scales; hyponotum scale hyaline, smooth, flat, 
oblong shaped with somewhat pointed end ; peripheral scales bearing a 
much resemblance to marginal spine, but differing from it by its small 
size and its deep, longitudinal grooves. 

Colouration : shells coloured generally with light reddish purple, pinkish 
colour predominating in the jugal region except for the median line where 
it is whitish, painted with dull yellow at 'the periphery; girdle pale blue, 
with somewhat regular brownish patches. In another specimen, shtdl light 
yellow, maculated with a few, smsdl, brownish freckles; girdle also yellowish, 
regularly tessellated with dark brown. 

Radula : central tooth oblong shaped, having small cusp at the tip, 
broadly dilate at the base; centro-lateral broad, weakly cusped, sinuated 
at the outer edge; major lateral bicuspidate, inner wing smtdl, rounded, 
somewhat thickened at the tip, base exceedingly protruded inwardly ; major 
uncinus long, broad, with weak cusp, its base small, squarish ; outer 
marginal nearly square in shape, dligbtly ‘protruded at the anterior edge; 
median marginal bilobed at ffie posterior end. 

GUI : holobranchial, branchiae 13 on eadi side, extending along tiie 
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entire length of foot. 

Size and divergency : Body length 5 mm, breadth 3 mm. Divergency 

9(r. 

Remarks : This species resembles Japanese repre.sentatives of the 
genus, Isehnochiton mitsukurii and /. melinus in its small size, sculpture 
of valves, striated scales in the girdle and its much elevated shells. 

/. mitsukurii has the elevated and carinated valves, the three or four 
radial sulci in the lateral area of the median valves, the straight posterior 
slope of the tail valve and the coarsely striated scales, whereas in this 
species the shell is much elevated, but not carinated, and lateral areas are 
evenly granular and sometimes weakly wrinkled on the surface, the poste- 
rior slope is deeply concave and the scales of the girdle are finely grooved. 

/. melinus has a carinated jugum, evenly granulated lateral areas, a 
slightly concave posterior area and grooved scales, longitudinally striated 
marginal spines, not beaked median valves, the lateral areas, howtiver, are 
not elevated, posterior slope of the tail valve is much broader and less 
concave and the girdle is more densely clothed with more coarsely striated 
scales than in this species. 

From the young specimens of /. comptus it is easily distinguished by 
the strongly grooved scales and the peculiar features of the marginal 
armatures and the hyponotum scales. /. boninensis differs from the species 
by having radial sulci in the end valves and the lateral areas, the finely 
striated large marginal spines, the smooth, long, pointed, small marginal 
spines, the stropgly ribbed marginal spinules and the oblong scales of 
hyponotum and much more flattened and non-beaked medi.m valves. 

Locality: Station 113, off Imabetu, 1 specimen was collected by 
HdzAWA on July 21, 1929, sp. no. 2379 ; 2 small specimens were collected 
by Takatuki together with Tonicella lineata, T. submarmorea, Lepidozona 
mertensi, Rhyssoplax kurodai and Lepidopleurus assimilis, off Kanida, in 
July, 1927, sp: no. 1716. 

Genus ISCHNORADSIA SHUTTLEWORTH 1353 

14. bdhnocailsia kakodadensis (‘Carpenter’ Pilsbry, 1K93) 

PI. XV, fig. 8j H. XXVI. figs. 1-6; PI. XXVII, fig^ 1-5; PI. XXVIII, figs. 19. 20. 

(f$ehmoradBiA) hakodadensix 
MS. 

Pluimnr (lS9ii) Manual of Conchology, Vol. 14, p. 147, pi. 19, figs. 64-^; Hakodate. 

(1098) of the Marine Mollusks of Japan, p. 114. 
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Berry (1917) Proceedings of the United States National Museum, Vol. 64, pp. 4-5, pi. 

1, Egs. 6-7, pi. 3, 6g8. 3-5, pi. 4, hgs. 1-6; Hakodate; Muroran. (Albatross, 1906). 

Kikuti (1931) Toyamawan Nantaid6butu Mokurofcu, p. 2, no. 6; Abugasima. 

Taki, Is. (1936) Sait6h6onkai Hakubutukan Zih6, No. 30, p. 1, no. 3, Aomori Bay; 

Onahama. 

I$cknockUon hakodadensis 

Thiele (1910) Zoologica, Bd. 22, Heft 56, S. 112, Taf. H, Fig. 44. 

A medium-sized chiton ; shell oblong oval in outline, moderately elevated, 
roundly arched at the back ; girdle covered densely with minute scales ; 
shell buff in colour, maculated and striped with dark brown; girdle buff, 
weakly tessellated with slate blue. 

Head valve sculptured with numerous, fine radiating riblets, cut trans- 
versely by some concentric growth sulci, having 15-20 slits at the peri- 
phery ; teeth rather sharp, smooth, though sometimes slightly roughened 
on the outer surface; eaves short, narrow, solid. 

Median valves ; lateral area slightly raised, cut into 6 to 9 low, unequal 
riblets by radiating impressed lines; riblets made uneven by concentric 
wrinkles of growth ; central area very minutely pitted over, formed between 
quincuncial granulations, arranged in zigzag successions ; interior of valve 
blue-white, having 2-3 slits on each side. 

Tail valve : mucro lies a little in front of the middle, rather prominent ; 
posterior slope broad, slightly concave, sculptured radially like the head 
valve, having 14-15 narrow slits. 

Girdle covered with small, solid, convex, very weakly striated, scales; 
marginal spines yellowish, smooth, rounded at the base with blunt tip, 
intermingling small marginal spinules, coloured similarly to the spines, 
strongly ribbed at the tip, with hyaline, oblong plates. 

Radula : central tooth oblong, weakly cusped, rounded at the tip, 
truncated at the base, with square basal plate ; centro-lateral weakly cusped, 
outer wing small, round, basal plate triangular; major lateral bicuspid, 
inner cusp exceedingly larger, longer than the outer ; wing-like expansion 
very fragile, inserted on the shaft just beneath the cusps with small base ; 
major uncinus long, spoon-shaped, broadly cusped, with small basal plate ; 
outer marginal nearly squarish in outline. 

Gills holobranchial, ctenidia 28-32 in number on each side. 

Remarks : The specimens exhibit wide range of variability, not tmly 
in colour, but in number of ray-ribs on the lateral areas and of marginal 
slits. The beautiful zigzag sculpture of flattened, overlapping, pointed 
pustules, which covers the central areas of young specimens, is usually 
eroded to the pitted appearance characteristic of the adults. 
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The shell of this species has very much the aspect of Ischnochiton 
comptus, /. boninenais, I. mitsukurii, I. zebiinxts, and /. melinus from 
Japanese waters, in the tegmental sculpture, however, from all species of 
the group lochnochiton this is distinguished by its bicuspidate major lateral, 
by the presence of the round outer wing of the centrolateral in the radula, 
by its closely arranged, nearly smooth, convex girdle scales and by the 
plurality of side slits in the median valves. 


Locality 


Sp. No. 

Station 

LotrAUTY 

C0LLK(^0K 

Date 

No. or 

HPECl.MKN 

1 

— 

Yunosima 

Ito 

July 10, 1926 

1 2 

2 

— 

»» 

Hozawa 

•• 

1 

3 


M 

Ito 

- 

2 

1897 


- 

Hozawa 

Aug. 5, 1927 



— 

•• 

Iw. Taki 

Aug. 15, 1930 

20 

675 

1 (I) A 


Hozawa and 
Takatuki 

Aug. 5, 1926 

1 

668 

4 CD 

Asamusi 

Takatuki 

May 9, 1926 

3 

- 



Iw. Taki 

Aug. 9, 1930 

20 

! - 


— 

• 1 

- 

Aug. 14. 19.30 



673 

66 (V) 

Tozawa 

Hozawa and 
Takatuki 

Aug. 11, 1926 

1 

612 

18 (I) 

Mourazima 

Hozawa and 
Takatuki 

July 17, 1926 | 

1 

— 

- 

99 

Iw. Taki 

Aug. 10, 1930 

1 

1716 

— 

Kanida 

Takatuki and 
Sato 

July 23, 1927 

20 


Distribution : 

Pacific cqast 

Saghalien : Odomari ; Tobuti (Urita), Aniwa Bay. 

Hokkaido : Akkesi (Hada, Okuda). Muroran (Berry) ; Hakodate 
(PiLSBRY, Berry). 

Honsyfi : Sakiyamamura ; Miyako ; Hirotamura (Toba), Iwate Pref. 
Onagawa (Taki), Miyagi Pref. Onahama (Taki), Hukusima Pref. 
Coast . of Japan Sea : 

Saghalien: Madca (S. Miki). 

Honsyfi: Mdtsu Bay, Aomori Pref. Toyama Bay (K. KiKim). 
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Genus LEPIDOZONA PILSBRY 1893 

15. Lepidozona coreanica (Reeve, 1847) 

PI. XIV, fig. 7; PI. XXVIIl, figs. 1-12; PI. XXIX, fig. 10; R. XXX, figs. 1-6; 
PI. XXXI, figs. 6, 7. 


Chiton coroanicwt 

Reeve (1847) Proceedings of the Zoological Society of London, part 15, p. 24; Korean 
Archipelago, under stones. 

(1847) Conchologia Iconica, Monograph of the genus Chiton, Vol. 4, pi. 26, 

hg. 128. 

Adams, A, and Reeve (1850) The Zoology of the Voyage of H.M.S. Samarang under 
the commander of Captain Beixher, Molluscs, pi. 15, fig. 9. 

Chiton (Stenoaemua) coroanicus 

ScHRENCK (1867) Reisen und Forschungen im Amurdande, Bd. 2, S. 281-282, Taf. 13, 
Fig. 1-6; collected by Lindholm at the Bay of Hakodate. 

Lophyrus coreanicus 

Dcjnker (1882) Index Molluscorum Maris Japonic!, p. 157. 
iichnoehiton (Lepidotona) coreanicua 

PiLSBRY (1892) Manual of Conchology. Vol. 14, pp. 129-130, pi. 27, fig. 50. 

(1895) Catalogue of the Marine Mollusks of Japan, p. 114. 

Yagura (1916) HyAgokensan Kairui Mokuroku, p. 1 ; Awa 2 i, Tazima. 

Kusb, Y. (1930) Tatugahama Kinkaisan Kairui Mokuroku, p. 12, no; 183; Tatugahama, 
Wakayama Prefecture. 

Yokoyama (1931) Catalogue of Marine, Freshwater and Land Shells of Japan, p, 16, 
no. 463; lyo. 
iachnochiton coreanicua 

Hirase, Y. (1907) Catalogue of Marine Shells of Japan, p. 21; Teshiwo. 

Taki, Is. (1924) D^butsugaku Zassi, Vol. No. 429, pp. 284-285, with 1 text-figure; 
Misaki. 

Baba (1929) Dbbutsugaku Zassi, Vol. 41, No. 486, pp. 114-115, text-figs. IV, 6-8, 
(anatomy). 

Gibl^n, T. (1931) Journal of the Faculty of ^ience Imperial University of Tokyo, 
Sect 4, Vol. 2, Part 4, pp. 430, 433, 437, 440, 441; Misaki. 

Asano, H. (1933) Bunrui Suisan Dbbutu Zusetu, p. 623, fig. 352. 

Iachnochiton ap. 

Yagi, S. (1931) Ehimeken Dfibutusi, p, 67, no. 736,; Tikami. 

Lorica (^Lepidoaona) corectnica 

KrKUTi, K. (1931) Toyamawan NantaidbbuUi Mokuroku, p. 2, No. 7; Abogasiina. 

Yagura (1932) Hydgokensan Kairui Mokuroku, (revised edition), p. 20, No. 242; 
Tazima, Harima, Settu, Awazi. 

Kuroda, (1936) Miyazakikensan Kairui Mokm^ p. 89, No, 6; Nangd. 

Taki, Iw. (1936) Onomiti Kinkaisan NantaldOhiitu Mokuroku, p. 1, No. 2; Onomiti. 
Lepidotom poctinalla 

Berqenhayn (1933) Kungl. Svenska Vetenskapsakailemieiis HandlHiggr, Bd. t2, No. 4, 
S. 16-19, Taf. 1, Fig. 6; Tat 2, Fig, 40, 41; Taf, 3, Fig. 42-44, 46; TguMlg* B; 
Misaki; Bonin Is. 
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Taki, 1b. (19S3) Venus, Vol. 4, No. 3, p. 194. 

Shdl thick, medium sized, oval in outline, rather elevated and keeled 
at the back, about twice as long as wide ; tegmental surface of end valves 
and lateral areas of median valves radially grooved, central area longi- 
tudinally ridged ; girdle narrow, tessellated, covered densely with minute 
scales; colouration brownish or dark greenish, never reddish. 

Head valve: semicircular in outline, apex rather low, posterior edge 
shallowly incised at the middle; ray-ribs low, but prominent toward the 
margin, provided sparsely with solitary pustules ; slits 10 to 17, generally 
13 or 14 in number; teeth thick, short, rather acute, but finely roughened 
inside toward the edge ; eaves solid, short : interior of valve smooth, shin- 
ing, slit-rays indistinct, provided with numerous, small pores. 

Median valve square, carinated, scarcely beaked, jugal and pleural 
areas distinct especially in the 2nd valve; anterior edge nearly straight 
except for the 2nd valve, elegantly scalloped ; lateral area distinctly elevated, 
sculptured with 3 to 6 ray-ribs, interstices between them slightly concave ; 
tubercles roundly elevated, sparsely spaced ; pleural area longitudinally, 
very finely, granosely ridged, interstices between the ridges deeply hollowed, 
traversed by somewhat irregular grooves; sutural plate flat, rather truncated 
at the anterior edge, sinus wide and shallow ; slit usually one, rarely two 
on one side ; teeth smooth, short, acute ; interior of valve smooth, shining, 
central region fairly thick at the posterior border ; lateral region shallowly 
concave; slit-ray indistinct, provided with numerous, irregularly arranged 
pores; anterior edge of the articulamentum between the sutural plates 
weakly denticulated, usually 6 or 7 in number. 

Tail valve : mucro nearly central, low, flat ; jugum a little defined from 
the pleural, both sculptured like that of the median valves, anterior edge 
slightly arched ; posterior area straight, gently sloped, provided with ray- 
ribs likewise the head valve; slits J2 to 15; teeth thick, short; anterior 
edge of jugal plate dePticulated like that of the median valves ; sutural 
plate flat, wide, truncated at the anterior edge. 

Girdle covered densely with small scales which are finely ridged, provided 
with a small sprocess on the front edge ; hyponotum covered with oblong, 
smooth, hyaline scales ; margin ornamented with thick, obliquely striated, 
bluntly pointed spines, long, smooth, sharply pointed spines and small 
^pinules, 

Ctenidia holobrancbial, along entire length of the foot, with a space 
between the lut gill and the anus. 

. Colouration ; sdiell genwally yellowish brown or dark green, tubercles 
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yellowish, central areas yellowish, blotched and variegated with dark brown ; 
in another specimen, whitish or light green, indistinctly mottled and spotted 
with dark green ; girdle tessellated with dark and pale green ; interior of 
valves whitish or pale blue with a wide dark green ray on each side near 
the posterior margin. 

Radula : central tooth broad, well arched at the anterior edge, narrowing 
posteriorly, slightly bilobed at the posterior end ; centro^lateral oblong, 
winged at the anterior outer corner, basal plate triangular in outline; 
major lateral well devdoped, unequally bicuspidate, outer cusp much weaker 
than the inner one, its shaft thick, with fairly long appendage at the 
anterior inner edge : major undnus simple, broad, weakly cusped ; outer 
marginal oblong shaped, about twice as long as wide. 

Measurements are taken from 86 specimens collected from various 
localities. The correlation between the body length and the number of 
gills and the relation between the width of the end valves and the number 
of rey-ribs are shown in the following figures. 

Graph shotuing the correlation bettveen the body length and the 
number of gills 
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The largest example in hand attains 60 mm in length with about 41 
gills on each side of the foot. The number of gills increases with the size 
of body, though it is not in direct proportion to the size ; for acample, 
an individual of 12 mm in length has about 30 gills, while that of 24 mm 
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about 33, that of 36 mm about 37, and that of 48 mm about 40 on each 
side. From this it will be seen that when the body becoms twice, three 
or four times in length, the gills increase in number by 12.5 per cent, 
23.3 per cent and '33.3 per cent respectively. 

It is the commonest in the littoral zone that individuals about .30 mm 
long are provided with 34 to 35 gills on each side. 


Graph showing rdation betux^n the width of the. head and tail 
valves and the number of their ray-ribs 

Width of valves 



I V, Tail valve; 1 5, Head valve. 


It is obvious from the above table that the largest head valve measures 
16 mm in width with 42 ray-ribs and the tail valve 15 mm in width with 
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TcAle shewing width and number of. murd)s of head and tail valves 
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30 ray-ribs. The mode in the table are individuals with head valve of 9 
to 12 mm and the tail valve of 7 to 11mm in width. The number of 
ray-ribs per one ram in width is 2.47 on an average in the head valve 
and 2.06 in the tail valve. The head valve is always larger and has more 
numerous ray-ribs per unit in width than the tail valve. 

Remarks: Reeve was the first to describe this species baung upon 
the material collected from “ Korean Archipelago, under stones ”, and 
afterwards this has been recorded or collected from various places of 
Hokkaido, HonsyO, Sikoku, KyhsyO, Korea and Formosa. In examining 
these numerous specimens, it was found th^ there are some examples 
which agree precisely with the original description and figure, while most 
of them differ in sculpture of valve as wdtt as in colouration. Several 
forms of this group described from ^adiacent waters, of Japan seem, to 
be identical with this single species. Itepidosoaa. cuUrata (‘Caepbntbe* 
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Pilsbry) (1892), recorded from Hakodate, seems to be a young form of 
this species. Lepidozona cmticulata (Gould) (1859) bears a close resem- 
blance to this species in many respects, differing merely in having more 
numerous radii of the lateral area. Bergenhayn (1933) described a new 
species L. peeHnella from Misaki which was considered different from L. 
cidtrata and L. cmticulata without any reference to Reeve’s works, whereas 
no difference can not be pointed out from L. coreanica in sculpture of 
the shells, in colouration, in structure of the radula and also in girdle 
armatures. 


JjocalUy 


Sp. No. 

1 

Station 

Locality 

Collector 

Datf. 

Number of 
Specimens 

675 


Yunosima 


Aug. 5, 1926 

1 

1897 


east shore of 
Yunosima 

Hozawa 

Aug. 9. 1927 

2 



between Yunosima 
and Utouxaki 

Iw. Taki 

Aug. 15, 1930 

5 

1568 


•» 

Takatuki 

June. 11, 1927 

1 



north shore of 
Biol. Labor. 

Iw. Taki 

Aug. 14, 1930 

3 



Mourazitna 

- 

Aug. 10, 1930 

4 


Distribution ; 

Pacific coast 

Hokkaido; Hakodate (1) (Schrenck). 

Honsyu : Miyako (3), Iwate Pref. Onagawa Bay (4) ; Matusima Bay 
(5), Miyagi Pref. Onahama (6), Hukusima Pref. Kominato (7) ; 
Hutomi (8), Tiba Pref. Titizima (22), Ogasawara (Bergenhayn). 
Yokohama (10); Misaki (9), Kanagawa Pref. Simoda (11); Nuroazu 
(12), Sizuoka Pref. Ise Bay (13), Mie Pref. Seto (14) ; Gobo 
hb) ; Tatugahama (16) ; Wakayama Pref. 

Sikoku : Yawatahama (52) ; Ehime Pref. 

Kyfisyfi : Nango (18) ; Miyazaki Pref. Natui, Birozima, Sibusi Bay 
(19), Kagosima (2Q) ; Kago.sima Pref. 

Taiwan (Formosa) : Kiirun (21) ; Kfisyun (53) (Takahasi). 
tidRiid Sea : 

Hon^fi; Settu (45); Harima (^46); Awazi (50), Hyogo Pref. (Yagura). 
, Kozhna Bay (47), Okayama Pref. Onomiti (48) ; Hirosima (49), 
H&oriina Ptcf. 
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Sikoku ; Tikami (51) ; Mitu (52), Ehime Pref. 

West coast: 

Kyiisyu : Amakusa (23) ; Hyakkanisi (24), Kumamoto Pref. Ariake- 
kai (25) ; Nagasaki (26) ; Kisyuku (28) ; Tomie (27), Nagasaki Pref. 
Tyosen : Kinnei (29) ; Kanrin (30), Saisyu-to. Korean Archipelago (31), 
(B£rx:H£R). Reisui (32), Zenranando. Gunzan (33), Zenrahokudd. 



Text«fig. 2. Geographical diftribution of Lepitiotana oofwmtoa (Rsbvb). 
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Tokutumisima (34) ; Zinsen (35), Keikido, 

Japan Sea coast: 

Hokkaido : Tesio (36). 

Honsyu : Mutsii Bay (2), Aomori I'ref. Kanaura (37), Akita Pref. 
Hutami (38) j Kawasaki (39), Sado. Toyama Bay (40), Toyama 
Pref. Tazima (41), Hyogo Pref. (Yagura). Torii-mura (42), 
Simane Pref. 

Tusima Straits: Waniura (43), Tusima. 

Tyosen (Korea) : Hoko (44), Keisyohokudo. 

16 . Lepidozona albrechti (Schkenck, 1863 ) 

PI. XIV, figs. 8, 9, 14; PL XXVIII, figs. 13-18; PI. XXIX, figs. 7-9, 17, PI. XXX, 
figs. 10-13; PL XXXI, figs. 1-5; PL XXXII, fig. 17. 

Chiton albrechtii 

ScHRENCK (1863) Bulletin de TAcademie Irap^riale des Sciences dc St.-Peterslwurg, 
Tome 5, p, 551. 

■ (1863) Melanges biologiques tir^s de Bulletin de TAcademie Imperial des Sciences 
de St.-Pcter8bourg, Tome 4, p. 253. 

■ (1867) Reisen und Forachungen im AmurLande, Bd. 2, S. 283 -288, Tab. 13, 
fig. 7-17; Hakodate. 

Chiton {Lepidopleurus) albrochti 

Smith, E. A. (1875) Annals and Magazine of Natural History, Ser. 4, VoL 16, p. 715; 
Endermo Harbour. 

Itchnochiton (.Iscknoradsia) albrechti 

PlLSBRY (1893) Manual of Conchology, Vol. 14, pp. 147-148, pi. 19, figs. 70-74; Hako- 
date. 

(1895) Catalogue of the Marine Mollusks of Japan, p. 114. 

Berry (1917) Proceedings of the United States National Museum, Vol. 64, no. 2223, 
p. 4; pi, 1, figs. 4-6; pi, 3, figs. 1^2; text-fig. 1; Muroran. 

NtERSTRASZ (1906) Die Chitonen der Siboga-Expedition, Monographie no. 41, S. 22. 
KiNosiTA, T. and Irahaya, T. (1934) Hokkaid6san Kairui Mokuruku, p. 3, no. 1, pi. 1, 
fig. 1 ; Okusiri, Yoiti, Riiiri. 

/-onofi (Lopidotona) albrechti 

KlKtm (1931) Toyamawan Nantaiddbutu Mokuroku, p. 2, no. 8; Takosima, Noto. 
L^pidoMona albrechti 

Tajci, Is. (1936) Sattd H6onkai Hakubutukan Zih6, No. 13, no. 6 ; Kamomezima, Aomori- 
Bay; Onahama, Hukiuima Prefecture. 

Body large, oval, elevated with acute dorsal ridge ; entire surface of 
shells minutely punctated, reddish in colour, maculated with dark brown; 
girdle narrow, covered densely with imbricating scales. 

Head valve having rather fine, low ray-ribs, bearing sparsely brown 
pustules; ma}ority of ribs splitting into two toward the margin; teeth 



384 


I. TAKl 


short, acute, roughened on the outer surface ; slits 14 or more in number. 

Median valve square with nearly straight side slopes; jugum not 
defined except for the 2nd valve ; central area with about 30 longitudinal 
lines of granules, in juvenile shells the area sculptured with longitudinal 
and transverse lines so as to form a fine reticulation, nodes of which 
remain in the adult shells as granules in a longitudinal series ; lateral area 
scarcely elevated, having 4 to 6 in the juvenile, 10 to 12 radiating, sparsdy 
granose riblets in the adult; in old shells entire surface non-granulated 
and distantly concentrically sulcated ; sutural laminae short with regularly 
arched at the anterior edge; sinus very flat with narrow, denticulated 
lamina. 

Tail valve smaller than head valve ; mucro median, nearly flat ; poste- 
rior area straight, gently sloped, ornamented with ray-ribs like the head 
valve ; sutural laminae narrow, roundly arched ; sinus flatter than in the 
median valves ; interior of valve white, tinted with rays of reddish-brown ; 
teeth thick, acute, sometimes rugose or lobed on the outer surface; slits 
deep, 12 in number. 

Girdle moderately wide, reddish-brown or brownish-yellow, tessellated 
regularly with dark-brown, covered with convex scales which are weakly 
striated, usually 10 in number, bearing a small process at the front end, 
sinuated at the middle of the base; margin of girdle armed with long, 
smooth, acute bristles, striated thick spines and small striated acute spinules; 
hyponotum covered densely with hyaline, more or less elongated cylindrical 
scales. 

Radula : Central tooth dilated and weakly undulated at the anterior 
edge, constricted at a trifle behind the middle with a little broadened 
base ; centro-lateral square with a large appendage at the anterior outer 
corner ; major lateral bicuspidate, cusp distinct in juvenile specimens, being 
stronger in the inner one, in adult specimen it looks sometimes like 
unicuspid the smaller one having worn out; stalk thick with a long ap- 
pendage at die an^or end of the inner edge and a small process at the 
outer edge and dm^ processes ; major uncinus long, stout, slightly cusped 
at the anterior edge; outer marginal oblong, being longer than wide. 

Gills holobranchial with a small space between the last gill and the 
anus. 

Retiiarics: Pilsbry (1693) treiated this species as a member of the 
sUbgenus Ischnoradsia under the genus hehnoehiton and this was followed 
by EtniRY (1917). As pointed out by ScrausNCiC (1863) this species is 
doady rdated to L^iridozom coreamoa and the features characteristic of 
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this species seem to agree with that 
of Lepidozona. It is, therefore, more 
natural to consider this species as a 
member of Lepidozoa than as that of 
Ischnomdsia. 

Smith (1875) reported two large 
specimens from Muroran (Endermo 
Harbour), which measured about 
65mm in length and 28mm in breadth 
in the central valves. These specimens 
are the largest, because it usually 
measures from 40 to 50 mm in length. 

The ratios of the length to the 
width range from 1.56 to 1.83 and 
the mean ratio is 1.73 as shown in 
the following table: 


Table showing length and 
width of body, and mtios 
of length to width 


Length 

WlOTH 

Width 

Length 

22 mm 

14 mm 

1.56 

33 

20 

1.65 

44 

26 

1.69 

42 

24 

1.76 

46 

26 

1.76 

46 

26 

1.76 

50 

28 

1.78 

48 

27 

1.77 

49 

28 

1.75 

55 

30 

1.83 
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TiXt<*lSg* 3. Gri^h to show relation between head and Uil valves respecting the 
nimibvr^ of ray-riba* 
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In the above table it will be seen that the ratios increase with the 
length of the body and that the body becomes relatively narrower as it 
grows older. 

The number of ray-ribs on the end valves increases regularly in propor- 
tion to the body size and is always more numerous in the head valve 
than in the tail one and its relation between both valves is plotted in 
text-fig. 3. 

The number of slits ranges from 11 to 17 in the head valve and from 
10 to 16 in the tail valve and is always more numerous in the former 
than the latter. Both valves have each about 14 and about 12 slits on 
an average. The following table shows the relation between the number 
of slits in the end valves. 


Number of ruts 



Head valve 

Tail valve 

I 

11 

Ixll 

11 

IxII 

10 



4 

40 

11 

1 

11 

5 

55 

12 

4 

48 

5 

60 

13 

3 

39 

3 

39 

14 

3 

42 

0 

0 

15 

2 

30 

1 

15 

16 

1 

16 

1 

16 

17 

4 

68 



S 

18 

254 

19 

225 

M 


14.1 


11.8 


I, number of sbu; 11* number of individuals; M, mean; totals. 


ScHRENCK gives 112’ in the divergency of Uie median valve. So -far 
as the materials examined it varies from 100° to 123* and the mean is 
about 108° 

The ctenidia extend along the practically entire length of the foot and 
the number of gills ranges from 25 to 50, being equal or nearly so on 











Number of gills 
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Divergency 

F 

Divergency 

F 

100“ 

3 

112“ 

2 

102 . 

2 

113 

1 

105 

1 

114 

1 

106 

2 

115 

1 

108 

1 

117 

1 

110 

3 

123 

1 



i:=2065 

-19 



M-108.63 



Table showing variation of divergency in median valves. 
F, number of individuals; totals; M, mean. 
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Text-fig. 4 Graph showing the relation between the body length and the number 
of gilt*. 
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each side and increases in proportion to the length of body as shown in 
the following table and graph. 


Number op gillb 

F 

Left 

Right 

26 

26 

1 

28 

28 

1 

29 

29 

1 

25 

30 

1 

30 

30 

3 

32 

30 

1 

31 

31 

2 

31 

32 

1 

32 

1 

33 

1 

33 

33 

1 

35 

37 

1 

37 

38 

1 

40 

40 

1 

41 

41 

1 

44 

42 

1 

45 

43 

1 

45 

47 

1 

45 

48 

1 

46 

42 

1 

47 

45 

1 

48 

46 

1 

47 

48 

1 

48 

50 

1 

S 


26 


Body 

Number op gills 

1 

LENGTH 

Left 

Right 

22 mm 

37 

38 

33 

44 

42 

42 

46 

42 

44 

45 

47 

46 

45 

43 

46 

47 

45 

48 

48 

46 

49 

47 

48 

50 

45 

48 

55 

48 

50 


Table showing the relation between 
body length and number of gills on 
both sides. 


number of individuahi; 13, totab. 
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Locality : 


Sp* No. 

Station 

I.A)CALITY 

()oi.LKeroR 

Dai'k 

NUMtlKR OF 
SPECIMENS 

670 

1 (D ' 

Osima, Asamusi 

Hozawa and Ito 

July 12, 1926 

1 

672 

83 (III) 

Akittiae 

Kokoho and 
Kamada 

Auf!. 2H, 1926 

2 

674 

31 CD 

Itaaaki 

Hatai and 
Hozawa 

July 24, 1926 

2 

676 

15 (I) 

Osima 

Hozawa and 
Takatuki 

July 16, 1926 

1 

678 

76 (III) 

Akimae 

Kokoko and 
Kamada 

Aug. 22, 1926 

1 

679 

63 (V) 

Syukunobe 



i) 

681 

21 (D 

Hanakuri, 

Nonai-mura 

Hozawa and 
Takatuki 

.July 19. 1926 

2 

683 

1 

— 

— 

— 

3 

686 

23 (1) 

Moura 

Hozawa and 
Takatuki 

July 20, 1926 

2 

1639 

— 

Kamomezima 

Takatuki 

July 10, 1926 

1 

1722 

— 

Kanida 

Takatuki and 
Sato 

July 23, 1927 

1 

1897 

: 

Yuno.sima 

. 

Hozawa , 

Aur. 9, 1927 

1 

— 



Iw. Taki 

Aur. Ifi, 1930 

10 


— 

Aaamusi 


Aug. 14, 1930 

1 

— 

— 


, .. j 

M 1 

1 

Aug. 9, 1930 

1 


Distribution : 

Pacific coast 

Hokkaido: Akkesi (1) (Hada and Okuda) ; Muroran (2) (Smith, 
Berry) ; Hakodate (3) (Schrenck, Pilsbry, K. Endo). 

Honsyii : Miyako (5) ; Kesennuma (6), Iwatc Pref. Onagawa (7), 
Miyagi Pref. Onahama (8), Hukusima Pref. 

Coast of Japan Sea 

Hokkaidd: Risiri-to (9); Yoiti (10); Okusiri-zima (11) (Kinosita and 
Ibahaya). 

Honsya: Mutsu Bay (4), Aomori Pref. Toyama Bay (12) (Kikuti), 
Toyama Pref. 

This is one of the commonest species at the littoral zone of Hokkaido 
and Honi^ with the southern limit in its distribution at about 37° N on 
l>oth «des of Honsyii. 
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Text-fig. 5. Geographical distribution of Lepidoxona alhrechti ScHRENCR. 


17. Lepidozona meitensi (Miodendorff, 1846) 

PI. XIV, fig, 6; PI. XXIX, figs. 1-6; PI. XXX. figs. 6-9; PI. XXXI, figs. 9, 10. 

Chiton mertenxii 

Middkndorff (1846) Bulletin de la Cl. Phys.-mRthero. de TAcadeinie de St.-P^tenibourg»^ 
Tome 6s p. 118. 

Chiton iStenosemus) mertensii 

Miodendorff (1847^ Melacologia RosiHca» pp. 34, 125-127, Tab. 14, Fig. 1-3; (1848)^ 
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Meitioircj) de rAcademie Impferiale de Sciences do Saiiit-PotersbourR, Ser. 6, Tome 
6, pp. 189 191; California^ coll, by Ross. Mertkns. 

JLeptochiton mertensn 

Adams» a. and H. Adams (1854) (Jenora of Koccnt Mollusca, Vol. I, p. 473. 

Dunrer (1882) Index Molluscorum Maris .laponici, p. J58: Hakodate. 

Lepidopleurus mertensii 

Dall (1878) Proceedings of the United State.s National Museum, Vol. 1, pp. 297-332. 

(1878) Bulletin of the United States National Museum, Vol. 1, pp. 79, 111 115, 

pi. 2, figs. 18, 18 a. i^radula), Sitka, south to Monter<‘>'. 
hchnochiton {Lepidozona) mertenaii 

PiLSBRY (1892) Manual of Conchology, Vol. 14, pp. 125 126, pi. 26. figs. 20-26. 

(1895) Catalogue of the Marine Mollusks of Japan, p. 114. 

Berry (1917) Proceedings of the Californian Academy of Sciences, Ser. 4, Vol. 7, No. 
10, p. 236; Forrester Island; Waterfall ( annery. Prince of Wales l.sland, Alaska. 

Dau, (1921,) Smithsonian Institution United States National Museum, Bulletin 112, p. 
192; Sitka. Alaska, to San Pedro, San Martin Island, Lower Californiu, >cf. Addit. 
and emend, etc., Proc. U. S. Nat. Mus., Vol. 63, pp. 1 -4). 

Berry (1922) Proceedings of the Californian Academy of Sciences, Ser. 4, Vol. 11, 
No. 18, pp, 475-476, pi. 10, figs. 7-12. 

(1926) American Journal of Science, Vol. 12, p. 456; Pleistocence of San C^iiintiii 

Bay, Lower California. 

(1927) Proceedings of the Malaeologieal Society of Ix)ndon, Vol. 17, p. 164; China 

Hat, Queen Charlotte Islands, British Columbia. 
hchnochiton mortensi 

Chace (1930) Nautilus, Vol. 44, pp. 7-8. 

Shell oval, moderately thin, elevated with angular dorsal ridge ; terminal 
and lateral areas radially pustulose ; central area strongly lired ; girdle 
narrow, covered densely with small scales. 

Head valve ornamented with 25 to 35 ray-ribs, each bearing a series 
of rounded or pyriform pustules, the posterior series directed obliquely 
backward so as to dentate the suture ; apex low, inconspicuous, interior of 
valve smooth; slit-rdy distinct, without a pore; slits 9 to 11. 

Median valve carinated at the jugum with straight side slope ; laUiral 
area distinctly raised, sculptured with radiating series of pustules, 5 or 6 
in row; central area having acute, narrow, longitudinal riblets, interspace 
between them roughly latticed across, obsolete at the dorsal ridge, where 
the riblets have a tendency to diverge; jugal area distinct only in the 
2nd valve, provided with diverging lirae with nearly smooth interspaces ; 
sutural laminae low, wide, roundly arched at the edge, connected across 
the sinus by a dentate plate ; teeth short, obtuse, usually roughened on 
the outer surface ; eaves solid, wide ; one slit on each side ; sinus flat, 
angular at the base ; interior of valve smooth ; callus indistinct ; slit-ray 
provided with nutneroud, fine, elongate pores. 
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Posterior area of tail valve straight, radially pustuiose as in the head 
valve, central area roundly arched, sculptured with 20 to 24 sharply cut, 
longitudinal bars, traversed by numerous irregular grooves ; mucro median,, 
low, inconspicuous; slits 10 to 12. 

Girdle firm, compactly covered with regular, solid scales, which are 
nearly squarish in outline, fairly curved inward, ornamented with about 
10 longitudinal ribs, having a process at the front end ; marginal 
armatures composed of three kinds of spines, the longest of which is 
hyaline, slightly curved, cylindrical of same diameter, sparsely beset among 
the thick, short, hyaline, striated spines; the smallest brownish in colour, 
sharply pointed at the end, strikingly striated near the tip; hyponotum 
covered densely with hyaline, oblong scales. 

Colouration : Varying in colour from orange-red to claret-red, or even 
dark red-brown, either unicoloured or speckled and blotched with white; 
interior of valves generally white or blue-white; median valves showing 
broad red-brown rays posteriorly, tail valve tinted with crescents of the 
same colour at the middle; colouration of girdle similar to that of the 
shells, regularly or obscurely tessellated in two shades of dark brown. 

Radula ; Central tooth dilated anteriorly, slightly sinuated at the 
front edge, shallowly constricted on both sides; centro-lateral squarish 
in outline, having a large outer wing at the anterior end, a broad outer 
lamella at the posterior end ; anterior edge slightly sinuated at the middle, 
though not cusped ; major lateral bicuspidate, outer cusp much smaller 
than the inner one : outer process of the shaft remarkably protruded out- 
side at about the middle, dorsal surface deeply channelled ; major uncinua 
slightly curved inward with large basal plate; marginals oblong shaped, 
the outer one narrower anteriorly. 

Gill rows take the space three-quarters of the foot, each containing 
about 40 branchiae. 

Size : Length 20 mm, breadth 6 mm ; divergency 100° (Dall) 

„ 18 mm, „ 12 mm ; „ 105° 

„ 17 mm. „ 11 mm ; (contracted specimens). 

Locality: Kanida, 5 specimens w^ collected by Takatuki in July, 
1927; sp. no. 1716. , 

Distribution: On the Pacific coast of America, Sitka and vicinity, 
south to Lower California, on the Japanese coast, Hokkaido and nothm'n 
Honsyu. 

American coast 

Alaska; Forrester Island; Wateri^li. Cannery,. Prince. of Wales Islandl 
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(Berry); Sitka (Daix). 

British Columbia ; China Hat, Queen Charlotte Islands (Berry) ; Puget 
Sound Region (Berry) ; Nothern California (Berry) ; Monterey 
Region (DAll, Berry) ; Southern California (Berry) ; San Pedro, 
San Martin Island (Dall, Baker) ; San Quintin Bay (Berry), 
Lower California (Berry). 

Japanese coast 

Hokkaido; Hakodate (Dunker). 

Honsyu ; Mutsu Bay. 

Family 5. CHITONIOAE 
Subfamily A. CHITONINAE 
Genus RHYSSOPLAX Thiele 1893 

18. Rh)rssoplax kurodai (Ls. Taki et Iw. Taki, 1929) 

PI. XV, %. 5; PI. XXXI, fig. 11; PI. XXXII, figs. 17. 

Chiton sp. 

T.\ki, Is. (1924^ D6butugaku Zassi, Vol. 36, pp. 285 286, with ^ tcxt-hg.; Misaki, 
Saf^ami. 

Yagi (1931) Ehimaken D6butusi, p. 67, no. 737; Tikami. 

Chiton kurodai 

Taki, Is. and Iw. Taki (1929) Venus, Vol. 1, No. 2, pp. .52-53, pi. 2, fig. 3, text figs. 8- 
11; lyo; Misaki; Seto. 

Kusk (1930) Tatugahama Kinkaisan Kairui Mokuroku, p. 12, no. 185; Tatugahama, 
Wakayama Pref, 

KiKirri (1931) Toyamawan Nantaiddbutu Mokuroku, p. 2, no. 9; Abugasima, Toyama 
Bay. 

Yokovama (1931) Catalogue of Marine, Freshwater and Land Shells of Japan, p. 16, 
no. 468; lyo. 

Yagura (1932) Hydgokensan Kairut Mokuroku, p. 20, no. 246; Harima; Awazi. 

Chiton (^Rhyaaoplax) kurodai 

Taki, Iw. (1936; Onomiti Kinkaisan Nantaiddbutu Mokuroku, p. 1, no. 5, Onomiti. 

Taki, Is. (1936) Saitdhdonkai Hokubutukan Zihd, No. 30, p. I, no. 13; Onahama, Huku* 
sima Pref. 

Chiton (Clathropleura) boeki 

Bergenhayn (1933) Kungl. Svenska Vetenskapsakademiens Handlingar, Bd. 12, No 4, 
S. 26-29, Taf. 1, Fig. 8, Taf. 3, Fig. 63, Text-fig. 9, a-f; Sagami Misaki. 

Body oval or elongate oval in outline; shells well elevated, weakly 
carinated at the jiigum, moderately beaked on the median valves; girdle 
rather narrow, densely covered with imbricating scales. It is one of the 
handsomest chitons in Japan. 

Head vidve thick, solid, generally smooth on the tegmental surface, it 
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is finely granulated in quinqunx when seen under A microscope; anterior 
edge regularly arched ; posterior edge straight, shallowly incised at the 
apex ; interior of the valve smooth, shining, without a distinct callus ; slits 
deeply incised, 8 to 9 in number ; slit-lines shallow, distinct, provided with 
numerous small pores. 

Median valves oblong shaped with an arched front edge and a well 
protruded beak; lateral area distinctly raised, smooth like the head valve; 
jugum not distinct, only defined by its smoothness from the pleural area, 
which is sculptured with 14 to 21 longitudinal lirae ; sinus wide, flat, with 
pectinated laminae at the base ; interior of valves polished with well 
developed callus at the middle ; lateral region deeply concave ; jugal region 
provided with numerous transverse, short lines; sutural laminae low, 
roundly arched, sharp at the front edge; teeth thick, solid, strikingly 
pectinated on the outer surface; slit distinct, one on each side; slit-line 
wide, provided with pores in double rows ; posterior edge broadly reflexed. 

Tail valve semicircular in outline, nearly straight at the front edge, 
regularly round posteriorly ; mucro a little in front of the middle, distinct, 
though not raised ; posterior slope slightly concave, sharply demarcated 
with diagonal lines from the central area, which is sculptured with 11 to 
14 longitudinal lirae; jugum inconspicuous; interior of the valve smooth, 
without any callus ; teeth thick, solid, well pectinated as in those of the 
median valves ; slit-lines like those of the head valve : slits distinct, usually 
9 to 12 in number; sutural laminae flat, wide, truncated at the front 
edge. 

Perinotum of the girdle covered densely with smooth, regularly imbricat- 
ing, strongly curved scales with rhombic base, generally from 16 to 18 in 
a diagonal row, tending to become smaQer toward the edge; marginal 
spinules small, hyaline, lanceolate with somewhat flattened base ; hyponotum 
covered with minute hyaline, oblong scales. 

Teeth of the radula weak except for the major laterals ; central tooth 
of much elongate oblong shape with a long, tapering cusp at the tip ; 
centro-iateral rhombic shaped, with a remarkable folds in front, nearly 
straight on both inner and outer edges, slightly waved at the posterior 
edge, having a small appendage near the tip on the outer edge, its basal 
plate triangular, very much thickened at the inner edge; major lateral 
thick, stout, having a narrow outer wing and a small, oblong inner process, 
concave at the back near the tip, holding a large, entire, obtusely pointed 
cusp at the anterior end; major undnus very small, broadly dilated at 
the tip so as to take the shape of a fan, stalk short, basal-plate small. 



CHITONS OF MUTSU BAY 


395 


oval shaped ; inner marginal small, oblong with inconspicuous central 
process, waved at the outer edge ; middle-marginal larger than the former, 
elongate hexagonal shaped ; outer marginal squarish in outline, slightly 
protruded at the posterior edge. 

Ctenidia holobranchial abanal, gills about 27 on one side. 

Remarks: Chiton bocki was described by Bkrgenhayn (1933) basing 
on the material collected by Sixten Bock at Misak i and was considered 
different from Chiton canariensis and Ch. rhynchotusy recorded from the 
Canary Islands and New Caledonia respectively, in having the smooth 
scales in the girdle and the denticulated jugal plate. No n.'ference was 
made by him in his paper to the known Japanese species of th(' genus 
e. gr., Chiton aquatilisy Ch, densilimtus and Ch, kurodai. The last species 
was reported by myself (1924) from Misak i, named by my brother and 
me (1929) basing on the material from Misaki, Seto and Mitu, and does 
not show any difference from Ch. bocki in all important features of the 
valves, the scales, the radula, the ctenidia and th(i colouration. 

Locality : Kanida, two small specimens were collected by Takatuki 
in July, 1927 together with Tonicella lineatOy Tonicella suhmarmoreay 
Lepidozona mertensi, Lepidopleurus hakodatensis and Ischnoradsia hako- 
dadensis ; sp, no. 1716. 15 specimens were collected by IwAO Taki at 
Yunosima on August 13, 1930. 

Distribution : 

Pacific coast 

Honsyu : Matusima Bay, Miyagi Pref. (Takewaki). Onahama, Huku- 
sima Pref. (Taki). Misaki, Kanagawa Pref. (Taki, Bkrgenhayn). 
Kamizusima, Izusitito (Miyazi). Simoda, Sizuoka IVef. (Kaneko). 
Seto (Taki), Tatugahama (Kuse), Wakayama Pref. 

Sikoku: Kasiwazima, Koti Pref. (Sugimoto). Yawatahama, Khime 
Pref. (Taki). 

Inland Sea 

Honsyu: Harima; Awazi, Hyogo Pref. (Yagura). Onomiti, Hirosima 
Pref. (Iw. Taki). 

Sikoku: Imaharu (Taki); Tikami (Yagi); Mitu (Taki), Ehime Pref. 
West coast 

Kyffsyu: Simokosikizima, Kagosima Pref. (Mitukuri). 

Tyosen: Kanrin, Saisyuto (Okuda). 

Japan Sea 

Hokkaido: Hukuyama, Ozima (Kinosita). 

Honsyff ; Mutsu Bay, Aomori Pref. Tobisima, Akita Pref. (Kuroda). 
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Abugasima, Toyama Bay (Kikuti). Toriimura, Simane Pref. (S. 
Takagi). 


19. Rhyssoplax tectiformia, nov. sp. 

PI. XV. fig. 4; PI. XXXI. fig. 8; PI. XXXII, fig«. 8-13. 

Body of small size; shell ovate in outline, strongly elevated at the 
jugum, central area weakly lired, other areas smooth ; mucro subcentral ; 
girdle covered with small scales, orange red in colour, tessellated with 
brownish red. 

Head valve: apex bluntly prominent, posterior margin incised at the 
middle; surface generally smooth, but showing a very minute quincuncial 
pattern of granulation under the lens, marked faintly with concentric lines, 
maculated with reddish brown ; interior of valve smooth, reddish brown 
in the middle, brownish yellow at the periphery ; teeth thick, short, well 
pectinated on the outer surface, eaves solid, narrow; slits shallow, 9 in 
number. 

Median valves strongly keeled at the jugum, much beaked at the 
posterior margin ; front edge slightly sinuated at the middle ; jugal area 
not well defined ; whole surface minutely punctated like the head valve ; 
central area ornamented with about 10 weak longitudinal lirae on each 
side of the keel, maculated irregularly with brownish red ; lateral area 
very much raised, marked with a few concentric lines of growth ; interior 
of the valves light pinkish in the pleural region, chestnut in the jugal 
region, brownish red in the lateral region ; callus not thi^ckened ; slit-line 
shallowly grooved ; teeth thick, short, well pectinated on the outer surface ; 
slit one on each side ; sutural laminae- thin, short, rounded at the front 
edge ; sinus wide, shallow, with small plate at the base, composed of five, 
small, wedge-shaped plates. 

Tail valve ; mucro prominent, situated at about two-fifths the entire 
length from the anterior edge; central area having 6 lirae on each side, 
separated by low ridges from the posterior area, which is slightly concave, 
sculptured like the hdad valve; sutural laminae short, wide, truncated at 
the front edge; interior smooth, brownish red at the middle, brownish 
yellow at the posterior margin, whitish anteriorly; slits at the periphery 
11 in number. 

Girdle: scales of perinotum squarish in outline, smaller .ones more 
rounded with broad, rhombic base; surface smooth, though in^Jgrs^ ones 
marked with fine, transverse lines ; mSrginal spines small, hyalipe, striated 
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obliquely, pointed bluntly at the tip, truncated at the base ; scales of 
hyponotum hyaline, flattened rod-shape, blunt at the anterior end. 

Radula: central tooth much elongated, strongly cusped at the front 
end, truncated at the base ; centro-lateral broad, much undulated at the 
front edge, outer lamella protruded anteriorly, bearing a small wing at 
the outer surface near the tip ; major lateral well developed, shaft stout, 
inner wing large, slightly reflexed at the end, cusp thick, simple, not acute 
at the edge ; major uncinus small, fan-shaped, stalk thick, short with small 
basal plate; outer marginal much wider than long. 

Gills : holobranchial, extending along the entire length of foot, 23 or 
24 ctenidia on each side. 

Size: body length 9 mm, breadth 6 mm (type). 

„ ♦, 10 mm, „ 6 mm (cotype). 

Head valve 3.25 mm, 2nd valve 3.7 mm, 3rd valve t mm, tail valve 
2.8 mm in breadth (type). 

Colouration : Orange red on the whole surface, the shells maculated 
with brownish red ; in the cotype the second valve and the central area 
of the third valve are brownish yellow ; the girdle finely tessellated. 

Remarks: This species bears a much resemblance to Chiton kurodai 
in the texture of the shells, the sculpture of the central area, the shape 
of the scale in the girdle and of cusps in the radular teeth. This differs 
from it in having much coarser texture of shells, much less number of 
lirae in the central area, much more elevated and beaked valves, the? 
smaller, striated marginal spines, the smaller cusp of the central tooth, 
much more developed inner wing of the major lateral, the transversely 


Species 

Characters 

tectiformis 

kurodai 

lirae 

1 

number 

9~10 

12-13 

shape 

ridge 

groove 

beak 


more beaked 

i less beaked 

laminae of sinus 

cut into five plates 

j denticulated 

central tooth 

cusp sinple, small 

tapering, long cusp 

major lateral 

wing largo, cu5i>ed 

wing small, not cusped 

outer marginal 

oblong 

squarish 

marginal spina 

(^liquely striated, small, 
hyaline, obtuse 

smooth, large, brown, 
sharply pointed 
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elongate outer marginal. These differences are shown in the above 
table. 

Locality : Oma, 2 specimens were collected by Hozawa, Takatuki 
and Sat6 in August, 1927 ; .station 104 ; specimen number 2076, 2077. 

Subfamily B. ACANTHOPLEURINAE 
Genus LIOLOPHURA PiLSBRY 1893 

20. Liolophura japonica (Lischke, 1873) 

PI. XV. fig. 3: PI. XXXII, figs. 15, 16; PI. XXXIII. figs. 1-8; PI. XXXIV, figs. 1-4. 
Chiton spiniger 

ScHRKNGK fl867) Reisen und ForAchungen im Amur-I^nde, Bd. 2, S. 27& 276; Hakodate. 
? Chiton de-Filippii 

TAPPARONE-CANEKRr (1874) Zoologia del Viaggio Intorno al Globo della Regia Fregata 
Magenta, p. 77; Japan, not Amycula de-filippii. 

Chiton japonicus 

Lischkk (1873) Malakozoologlsche Blatter, Bd. 21, S. 22. 

(1874) Japanist'he Meeres-Conchylien, Theil 3, S. 71, Taf. 5, Fig. 8-11; Nagasaki. 

Chaetopleura japonica 

Dunkf.R (1882) Index Mcdluscorum Maris Japonici, p. 158; Nagasaki. 

Acanthopleura japonica 

Thikle (1893) Gebiss der Scbnecken, Bd. 2, Lfg. 8, S. 373, Taf. 30, Fig. 34; Enosima 
(Doederlein). 

Acanthopleura {Liolophura) japonica 

Thiele (1910) Zoologica, Bd. 22, Ht. 56, S. 3, 115, 

Nowikoef (1907) Zeitschrift fOr wissenschaftliche Zoologie, Bd. 88, S. 153-186, Taf. 
10, Fig. 2-4, 9, Taf. 11, Fig. 14. 

Liolophura japonica 

PiLSBRY (1893) Manual of Conchology, Vol. 14, pp. 242 243, pi. 58, figs. 41-44; Enosima 
(Steakn.s). 

(1895) Catalogue of the Marine Mollusks of Japan, p. 115, Enosima (Stearns). 

Nierstrasz (1905) Notes from the Leyden Museum, Vol. 25, p. 115, pi. 10, 6g. 22; 
Japan. 

(1905) Siboga-Expedition, Monographie 48, p. 108; Japan, Enosima, Nagasaki. 

Hirask, Y. (1907) Catalogue of Marine Shells of Japan, p. 23; Hirado, Hizen 

(1909) Kairui X^bikigusa, p. 69, 6g. 68. 

(1910) Nippon Senkai Mokuroku, p. 30, no. 633; Hizen. 

(1914) Hutfi Kairui no Siori, p. 1. 

(1915) Conchological Magazine, Vol. 4, no. 1, pi. 1, 6g. 8. 

Yagura, W. (1913) Nippon Kairui Syasin Ty6, pi. 44. 

(1916) Hy6goken Kairui Mokuroku, p. 2, no. 5; Awazi; Settu; Harima; Tazima. 

Taki, Is. (1924) D6butugaku Zassi, Vol. 36, No. 429, pp. 289-290, 1 text^hg.; Misaki, 
Sagami. 

Huusts, S. j(1927) Figuraro de Japanaj JBestoh p. 1503, Qg. 2888. 
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Baba, K. (1929) Ddbutugaku Zassi, Vol. 41, No. 485, i>p. 108, 115-116, text-figs. IV, 
figs. 1-4. 

Thiele (1929) Handbuch der systematischen Weichtierkunde, S. 21. 

Kuse, Y. (1930) Tatugahama Kinkaisan Kairui Mokuroku, p. 12, no. 186. 

Vagi, S. (1931) Eliimeken D6butusi, p. 67, no. 733; Tikami. 

Kikuti (1931) Toyamawan Nantaid6butu Mokuroku, p. 2, no. 10; Abugasima. 

GlsiiiN, T. (1931) Journal of the Faculty of Science Imperial University of Tokyo, 
Sect. 4, Vol. 2, Part 4, pp. 435, 436, 441 ; Misaki. 

BEKftKNHAYN (1933) Kungl. Svenska Votenskapsukademiens Handlingar, Bd. 12, No. 4, 
S. 39-40, Taf. 1, Fig. 12, Tuf. 13, Fig. 60-67; Text-tig. 13, a-c; Misaki, Sagami. 

Asano, H. (1933) Bunrui Suisan D6butu Zusc^tu, p. 252, fig. 348. 

Kuroda, T. (1933) Hukuikensan Kairui Mokuroku, p. 179, no. 7; Nibu; Turuga; 
Onihu; 6i. 

SiBA, N. (1934) Journal of Chosen Natural History Society, No. 18, p. 12; Ty6sen. 

Kuroda, T. (1935) Miyaxakiken.san Kairui Mokuroku, p. 39, no. 6; Aosima. 

Hatakkda (1935) Venus, Vol. 5, No. 4, p. 233, no. 39; Asahimura; Kami/.imasotomuru; 
Kitakizimamura, Okayama Prefecture. 

(1936) Venus, Vol. 6, No. 2, p. 116, no. 27; Sikaimura; KiUiuramura ; Hukuda- 

mura; Ya.sudamura; Sakatemura; Nisimura, Sy6dosima, Kagawa Prefecture. 
Liolophura japonica teasellata 

PiLSBRY (1893) Manual of Conchology, Vol. 14, pp. 24.3-2'14, pi. 53, figs. 45, 46; 
Enosima. 

(1895) Catalogue of the Marine Mollusks of Japan, p. 115; Enosima (Sterans). 

NiERftTRAZ (1905) Siboga-Expedition, Monographie 48, p. 108. 

Yokoyama (1931) Catalogue of Marine, Freshwater and Land Shells of Japan, p. 16, 
no. 469; lyo. 

Yagura (1932) Hy^gokensa Kairui Mokuroku, p. 20, no. 247; Tazima; Hariina; .Settu; 
Awazi. 

Taki, Is. (1936) Sait6 H6onkai Hakubutukun, Zih6, No. 30, p. 1, no. 11; Akita; Yama- 
gata; Miyagi Prefectures. 

Body large, elliptical in outline ; shell broad, moderately elevated, 
roundly arched, not carinated at the back, generally much eroded and 
encrustered ; girdle medium in breadth, covered densely with numerous 
spines, more or less regularly tessellated with white and dark brown. 

Head valve thick, solid, nearly semicircular in outline ; apex not 
prominent ; tegmentum ornamented with exceedingly minute granules, 
sparsely studded with numerous, black aesthetes on the whole surface, 
weakly wrinkled by indistinct furrows, giving a tendency to form radial 
riblets, intersected by strong concentric lines of growth ; interior of the 
valve smooth, shining, weakly callused at about the middle, having S to 
10 slits at the periphery ; slit-lines indistinct without pores ; teeth short, 
thick, strongly pectinated on the outer surface ; posterior margin broadly 
reflexed. 

Median valve oblong in outline, roundly arched at the jugum, slightly 
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sinuated at the middle of the anterior edge, much beaked but not pointed 
at the posterior edge ; jugal area not well defined ; lateral area hardly 
raised, scarcely defined by either a boundary rib or sculptures ; tegmentum 
provided with numerous, fine, diagonally arranged granules on the whole 
surface ; interior of the valve smooth, polished, with strongly elevated 
transverse callus at the middle ; lateral and central regions deeply concave ; 
slit small, one on each side; teeth thick, very short, pectinated on the 
outer surface; slit-line indistinct, without a pore; sutural laminae thick, 
broad, extending well forward, connected with each other by a small jugal 
lamina; sinus broad, deep, regularly arched. 

Tail valve triangular in outline, nearly straight at the anterior edge, 
roundly arched on both sides ; central area broad, flat, occupying a greater 
part of tegmentum, finely granulated likewise that of the median valve; 
mucro terminal, indistinct, bluntly produced posteriorly beyond and above 
the eaves; posterior area small, a little concave, lying under the central 
area ; in place of insertion plate, crescentic ridge present, which is broad, 
flat, thick, smooth, a little wrinkled on the posterior surface, though not 
forming a distinct slit, becoming lower gradually passing over to the sutural 
lamina ; central callus well developed in parallel with the crescentic ridge ; 
central region strongly concave; sutural laminae extending remarkably 
forward to form a deep sinus between them, pectinated at the outer edge 
on the surface, bridged each other by jugal lamina ; eaves broad, roughened 
by minute granules on the surface. 

Colouration : tegmental surface of the valve without luster ; blackish, 
generally showing a wide light stripe on each side of the black dorsal 
stripe ; interior of the valves black, shining ; sutural laminae black on both 
surfaces. 

Girdle conspicuously varied with alternate patches of white and scorched 
brown or blackish, densely clothed with two kinds of numerous short, 
thick spines, becoming smaller toward the outer edge; upon the dark 
tracts of the girdle, spines reddish-brown or blackish, unicoloured or tipped 
with light brown or cream-white, nearly straight, obtusely pointed at the 
tip, much thickened at the base; upon the light tract, spines somewhat 
larger than the former, slightly curved, unicoloured white or light brown 
on the dorsal surface with dark-brownish on die ventral surface, somewhat 
flattened at the tip and nearly round in section at the base ; marginal 
spine small, thin, hyaline, containing numerous minute granules, more or 
less pointed at the tip; hyponotum covered with minute, hyaline scales, 
which are coarsely striated on the surface, slightiy smaller at the front 
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end, with squarish basal plate, near the peripheral region of this tract 
they are much elongated, faintly marked with a few striations. 

Radula: central tooth remarkably long, slightly pointed, distinctly 
cusped at the tip ; • cutting edge slightly sinuated at the middle, both sides 
somowhat constricted ; posterior end a little dilated, bilobed ; basal plate 
rhombic shaped, situated at the middle of the tooth ; centro-lateral broad, 
strongly cusped at the anterior edge, with a small triangular outer wing 
at the posterior corner, protruded posteriorly, slightly sinuated at the inner 
edge, basal plate broad, extending outside; major lateral thick, stout, 
unicuspidate, its cutting edge roundly arched, having a large wing at the 
inner edge of the shaft, bearing a strong cusp; outer edge protruded at 
the middle, broadly extended outside at the base, dorsal process well 
developed ; inner small-lateral broadly protruded posteriorly, narrowing 
anteriorly ; outer small-lateral thick, roundly lobed anteriorly with a small 
basal plate articulating with the outer edge of the preceding tooth, poste- 
rior lobe having a small process, directed outside to cover the basal part 
of the major uncinus; major uncinus having a broad cusp on the long 
stout shaft, erected from the small basal plate; inner marginal oblong in 
shape, having large triangular process at the middle, small denticle at the 
postorior edge, weakly waved at the outer edge; median marginal oval 
shaped, slightly bilobed at the inner edge, bluntly pointed posteriorly ; 
outer marginal pentagonal in shape, somewhat longer than wide, shallowly 
sinuated at the anterior edge, protruded posteriorly. 

Size : Length 35 mm, breadth 21 mm (type, Lischke). 

„ 50 mm, „ 20 mm (Pilsbry, girdle excluded). 

„ 36 mm, „ 26 mm (Mutsu Bay, somewhat contracted). 

The largest specimen I have measured is 68 mm by 43 mm. 

Remarks : A form of chitons collected by Linoholm from Hakodate, 
Hokkaido was identified by Schrenck (1859) as Chiton spiniger which 
had been known only from tropical waters. The subsequent authors, such 
as Sowerby (1930) and Leloup (1933), quoted this locality as that of 
Acanthopleura spiniger (=Acanthozostera gemmata). Schrenck’s note 
on this species is not altogether clear for me. This may be Liolophura 
japomea judging from its sculpture and colouration. 

Tapparone-Canefri (1874) described Chiton defilippii from Japanese 
waters tuul distinguished it from Chiton piceus (=A. gemmata) by its 
peculiar features. But his diagnosis is not full enough for subsequent 
refareiice. PiUbry examined the species and came to the conclusion that 
it Is a synonym of X.. japonica. His decision seems quite right. 
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Lischke (1.893) described Chiton japonkus from Nagasaki, and Pilsbrt 
(1893) quoted this in his manual under the genus Liolophura as the type 
and described its variety, tessdlata, in which the girdle is much narrower 
and regularly tessellated with alternate patches of white and scorched 
brown or blackish and the spinelets are larger and more flattened than 
in the typical form. In observing numerous material of this species from 
the type locality and from other places of Japan, it was recognized that 
the girdle and the spinelets exhibit exceeding variation in size, colour and 
in width. I can not, therefore, distinguish L. tessdlata from L. japonica 
from the features of the girdle. 

The individual provided with narrow girdle, and rather small, uniformly 
coloured spinelets, figured by Pilsbry in plate 53, figures 41 and 42 in 
his manual, was considered by him as one of the typical form. It is, 
however, clearly distinguished from the type in all respects of the girdle. 

At the same time, Pilsbry showed the type of Carpenter’s unpub- 
lished species, Omiihochiton (?) ccdiginosus, collected from China Sea and 
Hongkong, shown in figures 41-45 of plate 54 in his manual and believed 
to be identical with L. japonica, notwithstanding its sculpture of tegmentum 
and the most features of the girdle armatures and the in.sertion plate of 
the tail valve differ distinctly from those of L. japonica. It is undoubtedly 
different from Carpetter’s species. 

Haddon (1886) reported Acanthopleum incana taken from Oosima, 
Japan during the voyage of “Challenger”. Nierstrasz (1905) recorded 
9 specimens of L. japonica var. tessdata [.sicj from Molucca now in the 
collection of the Leyden Museum. The former of the two was identified 
by Pilsbry (1893) as L. japonica. It seems to me much proper to treat 
this form as identical with L. loochooana by its peculiar sculpture of valves, 
and the latter as an Australian species of the genus. 

Distribution : 

Pacific coast 

Hokkaido: Hakodate (Schrenck, Iw. Taki) (1). 

Honsyu : Miyako (3) ; Hirota Bay (Toba) (4), Iwate Pref. Osima 
(5) ; Karakuwgmura (6) ; Kesennuma (7) ; Onagawa (8) ; Kinkazan 
(9); Ayukawa (10); Amizisima (11); Watanoha (12); Matusima 
Bay (Taki) (13), Miyagi Pref. Hutomi (Hirase) (14), Tiba Pref. 
Uraga (Taki) (15) ; Misaki (Taki, Bergenhayn) (16) ; Enosima 
(Thiele, Stearns, Taki) (17) ; Manazuru (Taki) (18) ; Kanagawa 
Pref. Osima (Yamamura, K. Oyama) (19) ; Kamizusima (Miyazi) 
(29), Izu Sitito. Atami (Taki) (21); Simoda (Kanbko) (22); 
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Eooura (Hara) (23) ; Omaezaki (A. Huzita) (24), Sizuoka Pref. 
Wagu (T. Yamada) (25), Mie Pref. Tanabe (Y. OkaDa) (26); 
" Seto (Iw. Taki) (27) ; G(.b6 (Okamoto) (28) ; Kada (R. Tanaka) 
(29) j Wakayama Pref. 

Sikoku ; Murotozaki (Hiro) (30); Koti (Kamohara) (31); Kasiwazima 
(SuGlMOTO) (32), Koti Pref. Yawatahama (Taki) (33), Ehime Pref. 
KyOsyO: Saganoseki (K. Takagi) (34), 6ita Pref. Aosima (Kuroda) 
(35), Miyazaki Pref. Natui, Sibusi Bay (Mitukuri) (.36), Kagosima 
Pref. 

Inland Sea 

Honsyu: Settu (Yaguha) (37); Akasi (R. Tanaka) (38); Awazi 
(Yagura, Z. Morita) (39), Hyogo Pref. Nozizima (Iwakawa) ; 
Konosimasotomura (Hatakeda) (40) ; Asahimura (Hatakeda) (83) 
Okayama Pref. Uzina (Taki) (41), Hirosima Pref. 

, Sikoku : Siratori (Z. Morita) (42) ; Syodosima (Hatakeda) (84) 
Kagawa Pref. Tikami (Yagi) (43) ; Mitu ; Gogosima (Taki) (44) ; 
Ehime Pref. 

KyOsyfi ; Siraki (K. Takagi) (45), Oita Pref. 

West coast 

Kyfisyu: Akune (Mitukuri) (46), Kagosima Pref. Amakusa (Baba) 
(47), Kumamoto Pref. Nagasaki (Lischke, Sonehara) (48) ; 
Nanatukamamura (Y. Kono) (49) ; Kurosemura (S. Kinosita) (50) ; 
Sasamura (Takamasu) (51); Sisikimura (Nisi) (52); Hirado (Hirase) 
(53) ; Takasimamura (Hiroyama) (54) ; Matoyama (Sirakabk) (55) ; 
Kaminoura (Segawa) (56), Osima; Kisyuku (Yosida' (.57), Goto 
Retto ; Ituhara (Eguti) (.58) ; Nii (Abiru) (.59), Tusima, Nagasaki 
Pref. 

Tyosen : Nisikiura (Maeda, Y. Yosida) (60) ; Saisyu (Okuda) (62) ; 
Zyozanho (Kurihaka, Okuda) (61), Saisyuto. Reisui (Okuda) (63); 
Zenranando. 

Japan Sea 

‘Hokkaido: Hukuyama (T. Kinosita) (64), Hakodate Pref. 

HonsyO: Mutsu Bay (2), Aomori Pref. Iwadate (Taki) (65), Akita 
Pref. Kamo (Taki) (66), Yama'gata Pref. Niigata (Emura) (67) ; 
Hutami, Sado (Emura) (68) ; Niigata Pref. Husiki (Hara) (69) ; 
Abugasima (K. Kikuti) (70), Toyama Pref. Usyutu (Hara) (71) ; 
Jsikawa Pref. Sakai (Hara) (72) ; Nibii (73) ; Turuga (74) ; Onihu 
t75) ; Oi (Kuroda) (76), Hukui Pref. Tazima (Yagura) (77) Hydgo 
Pwrf. ToHimura (S. Takagi) (78), Simane Pref. 
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Tyosen:^ Uturyoto (Sugiyama) (79); Husan (Y. Yosida) (80), Keisyo- 
nandd. Sago (Oisi) (81) : Sasuna (H. Watanabe) (82), Tusima. 



Genus luciuna Dau 1882 


21. Lucilina amanda Thiele 1910 
PI. XV. fig. 9; PL xxxm, figi. 9-13; PI.' XXXIV, figt. 6-9. 

LuoUina amanda 

Tumx (1910) Zoology. Bd. 22. Heft 66. S. 97. Trf. 10, Fig. 42-60; WertkOMe Jepans 
bei Tago, in etnar Tiefe von 75 m, 
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Body about 18 mm long, 10 mm broad ; shells 7 mm in maximum width, 
rectangularly elevated at the jugum with rounded ridge, slightly arched 
on both sides, generally rose-red in colour. 

Head valve ornamented with about 10 radial series of scaly granules 
and pits of aesthetes ; teeth long, finely pectinated on the surface ; slits 9 
on the anterior margin ; interior of valve smooth, not callused in the 
middle, with indistinct slit-lines. 

Median valve : central area ornamented with longitudinal furrows, which 
are more or less shorter than the length of this urea except for the 
outmmoost, that barely reaches the anterior edge ; jugal area not distinctly 
defined, merely separable from other areas by its smoothness; sutural 
laminae short, triangular, pectinated at the outer edge; jugal articulumentum 
finely denticulated at the front edge ; lateral area bordered anteriorly with 
a series of scaly granules, posteriorly coarsely granulated, interspace 
between them nearly smooth, slit one on each side. 

Tail valve : mucro situated a little behind the middle, distinct, not 
elevated ; posterior area bordered by distinct ridges, bearing radial series 
of aesthetes, steep, indistinctly sculptured, slits 9-11 on the posterior 
margin of articulamentum ; sutural laminae flat, broad, somewhat pectinated 
on both outer edges. 

Girdle : perinotum covered sparsely with small, pointed distally ribbed 
spinules, measuring 30/< in length, 12// in breadth, cylindrical spines 
scattered among them, about 50 // long, 5 // thick ; hyponotum armed with 
small scales, weakly ribbed, becoming smooth toward the periphery ; 
marginal spines bluntly pointed, very slightly striated, measuring 70// in 
length, 15// in thickness. 

Radula: central tooth small, dilated at both ends, with distinct cusp 
at the tip; centro-lateral exceedingly large, winged at the front end, 
never cusped, outer edge sinuated at the anterior corner, forming poste- 
riorly a broad, angular lamella; major lateral bears 4 broad cusps, inner 
wing small, with reflexed tip ; major uncinus broad, oval shaped, curved 
a little at the middle, stalk stout, short, with large basal plate. 

GiUs holobranchial, occupying about 5/6 the entire length of the foot, 
brandiiae 21 on one side. 

Size: Body length 18mm, breadth 10mm (type). 

„ „ 16 mm, „ 10 mm. 

Head valve 6.5 mm, second valve 5.8 mm, fourth valve 6.7 mm, tail 
valve 5 mm in breadth. 

Remarks: Thiele described this species from the single specimen 
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collected by DdDERtEiN from the west coast of Japan near Tego (TangOi?) 
at the depth of 75 m. The specimen before me seems to be referable to 
this species, as they fairly agree in most features of its characters except 
for the borders of the lateral areas, which are not demarcated by distinct 
ridges in the type specimen, but only distinguishable from other areas by 
its peculiar sculpture. In Mutsu Bay it was dredged from the depth of 
about 30 m, while the type from about 75 m. The fact seems to indicate 
that it occurs in deep waters of southern sea, whereas in much northern 
locality it lives in relatively shallow waters. 

Locality: 6ma, station 104; one specimen was collected by H6 zawa, 
Takatuki and Sato in August, 1927., together with Rhyssoplax ieeUformis ; 
sp. no. 2076. 

Distribution : 

Japan Sea 

Honsyu : Mutsu Bay, Aomori Pref. Tango (Thieix), Kyoto Pref., at 
the depth of 75 m. 

GENERAL COMMENT ON THE CHITONS OF JAPAN 
I. Introductorv note 

The fauna of chitons in the northern Pacific has been investigated first 
by Middendorff (1847, 1851), and ScHRENCK (1867) reported several species 
from Alaska, the Aleutian Islands, the Okhotsk Sea and northern Japan, 
Gould (1846, 1859) and Dale (187&-79, 1921) also described some species 
from the Aleutian and the Bering Islands. Later Berry (1917, 1925-27, 
1928) added the supplemental data to the previous results and gave a full 
account of the chiton fauna of these districts. Besides these authors. 
Reeve, TapparonfXanefri, Lischkb, Pilsbry, Thiele^ Bbrgenhayn, and 
myself together with my brother, described new qtecies from the various 
places of Japan, 'fhe whole collection of chitons brought by the expedi* 
tions of the Challenger and the Siboga from Malay Archipelago, and 
adjacent territories were worked out respectively by Haddon (1886) and 
Nierstrasz (1905). Australian and Neozelanic shores have long been 
famous for the wealth of their chiton fauna and furbished abundant, 
material for the researches of many European authors, and a complete 
account concerning their fauna was given by recent workors sucb as 
Ashby, Ireadale, Hull, Mestbyer, Mackay. 

Despite the fact that the taxonomic studies of dutons have been carried 
out fairly well basing upon the materid collected from various, parts of 
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^ worid except for the greater part of Chinese coasts, little attention 
has so far been directed to the problem of their distribution. 



Text'fig. 7. Ocean Curronti around Japan. 
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IL The faunal areas of chitons 

The distribution of chitons of the western Pacific Ocean may be roughly 
divided in three regions ; 1. The first region extends from the Kurile 
Islands to Formosa along the entire coast of the Pacific with the Inland 
Sea as its subregion. IL The second region is the west coast of Kyiisyu 
and Korea including adjacent islands and the Gulf of Liantung and Pechili 
and also the Yellow Sea on the Chinese side. III. The third region 
includes the whole shore of the Japan Sea from the Mamiya straits to 
the Tusima straits, which is bounded by a line drawn through Husan and 
Simonoseki, embracing the northern coast of Tusima. As is noticed in 
other marine animals, among the factors determining the faunal region of 
chitons in the Western Pacific, the most important may be the ocean 
currents. The warm current “ Kurosiwo ” sweeps along the eastern coasts 
of Luzon and Formosa and the southern coasts of Kyusyu, Sikoku and 
Honsyu, giving off a branch along the western coast of Kyfisyfi beyond 
the boundary of this region to the Japan Sea along the northern coast 
of western Honsyu. The Arctic drift from the Bering straits washes the 
entire northern coast of Japan and is checked at about the middle part 
of Honsyu by the warm current, flowing farther to the south and submerges 
under the current. 

From these considerations it seems much advisable to demarcate the 
northern from the southern subdivision by an oblique plane formed between 
the two ocean currents. Both currents differ in temperature and carry 
faunas peculiar to them, which may be determined by isothermal lines in 
different level. Thus it will be found that the chitons which occur in 
shallow waters of the northern sea often extends to relatively deep waters • 
of much southern localities'^ Lucilina amanda was dredged from Mutsu 
Bay at about a depth of 30 m, while from off Tango, Japan Sea, it was 
obtained at 75 m in depth. 

Although both the western coast of the main island of Japan and the 
Japan Sea receive a branch of the warm current, the former has a pro- 
nounced tidal difference, while the latter has hardly any. This fact seems 
to influence considerably the faunal difference, working With other factors, 
between the two regions. Acanthochitoh rvbroHneatus thrives better on 

U A similar mode of occurrence isjoynd in boreaV-loinis of gastropods; thus FwdtH^ 
oregmemU was diwiovered in abundance at about 100 m in depth of the Kurtte Islands, 
Saghalien and Hokkaid6, at about a depth of 300-400 m in Kumainonaiia and Tosa Bay on 
the Pacific side and at 300 m in Toyama Bay and off Tasima in the Japan Sea. 
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the entire western coast, whereas A. achates is not found in this region, 
but occurs in abundance in the Japan Sea and on the Pacific coast of 
Honsyu, Sikoku and Kyfisyu. 

The warm current has little influence on the fauna of the Inland Sea, 
where no peculiar genera or species of chitons are found. Onithoplax 
hirasei does not live in the Inland Sea, while it is widely distributed 
extending from Formosa to Matusima Bay on the Pacific coast and to 
Sado in the Japan Sea. A related form, Ludlina interplicata is met with 
on the Pacific coast from Formosa to the Boso Peninsula as well as in 
various localities of the Inland Sea. 

It may also be mentioned here that the specimens of Liolophura 
japonica collected from the southern coasts of Kyusyu and Sikoku have 
long, fairly thick calcareous spines on the girdle, while they are very 
delicate in those from the Inland Sea. The same thing may be said of 
the girdle scales of Ischnochiton comptus and of the tegmental granulations 
of Acanthochiton mbrolineatus. 

III. Elements of the chiton fauna of the western Pacific 

The faunal components of the western Pacific may best be considered 
vertically as well as horizontally. 

(A) Horizontal distribution 

1. Continuous horizontal distribution. 

They consist of the circumpolar, the northern Pacific, the temperate 
zone and the tropical forms. 

a) The circumpolar elements. The genera or species which have been 
regarded as peculiar to the Arctic Ocean, especially to the northern Atlantic, 
often extend to the lower latitudes on both sides of the Pacific. Thus 
the European species Tonicella marmorea and T. ruber were collected from 
the American coast as well as from nothern Japan. The latter species 
was found in Mutsu Bay, the southernmost limit in its distribution in 
Japan ; Hanleya was also found in Sagami and Tosa Bay and certain 
places of the northern Japan Sea at about the depth of 200 m. 

b) The northern Pacific components. As the northern Pacific genera 
may be mentioned Schizaplax^ Spongioradriay Mopalia, Pladpharella, Nuttal- 
linOf Katharina, Amicula, Cryptochiton and Lepidozona, Schizaplax, a most 
striking genus of all chitons with shells divided along the median line, has 
a liititted range in its distribution from Puget Sound to the southern coast 
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of Saghalien throui^i the Aleutian Islands and the Okhotsk Sea. Of the 
species endemic to the area, the following live in north^n Japan : 7bnt- 
cdla submarmorea, T. lineata, Spongionukia foveolata, Mopatia ndddeadorffi, 

M. dliata, M. toosnessenski, M. schrencki, M. hirsuta, CryptochUm sUUeri, 
Amicula andculata, Stenomdsia lindholtni, etc. Besides these, Iscknomdaia 
kakodadensis and Lepidoztma aUyreehti range from northern Japan to 
Ontdiama on the Pacific coast and to Toyama Bay in the Japan Sea. 
Mutsu Bay is the southern boundary of the distribution of Tomodla 
submartnorea, T. lineata, T. ruber and Lepidozona mertensi. 

c) The elements of the temperate zone. The chiton fauna of the area 
consists of a mixture of the genera characteristic of both the boreal and 
the tropical regions, though the majority of species are endemic and flourish 
evenly on the entire coast of Honsyfi, Sikoku, Kyiisyfi and Korea. Among 
the boreal genera the following species may be mentioned : Mopalia 
retifera, JKadphorella stimpsoni, Lepidozona coreanka ; and among the 
species of the tropical groups are Cryptoplax japonica, Rhyssofdax kurodai. 
lachnochiton and Acanlhochiton are cosmopolitan. Ischnochiton boninensis,- 
I, comptus, Acanthochiton rubrolineatus, A. achates may be enumerated as 
our representatives. Of the indigenous components which show the sporadic 
occurrence are Ischnochiton melinus, /. paulvlu, /. mitsukurii, Stenoplax 
venustus, Lepidozona iyoensis, L. interfossa, L. amabilis, Callistochiton 
jacobaeus, Jkedadla comm, Rhyssoplax komaianus, Ludlina amanda, 
Amnthochiton dissimilis and Cryptoplax propior. 

d) The tropical elements. Cryptoplax, Rhyssoplax, Ndojdax, Acantho 
zostera, Sqnamopleura, Onithoplax and Ludlina are peculiar to the tropical 
region. Cryptoplax is very rich in species in the coral reefs of northern 
Australia and Malay Archipelago. A few representatives of the genus 
occur also in Japan, C. japonica being found from Kyfisyfi to Mutsu Bay 
or Hakodate. Acanthozostera gemmata is by far the most abundant of 
the littoral chitons in all the localities, where the majority of Cryptoplax 
thrives and reaches as far nwth as the Yaeyama Islands, . which is its 
nortWn limit. Notoplax, comprising N. dalli, N. dodeddni, N. thidd, 

N. stewartiana and others in our waters, may be regarded as a characte- 
ristic genus of the Indo-we8t<Pacific region. A striking range of meridional 
distribution is found in IschaochUan eomj^, which occurs from Maixy 
Archipelago to Mutsu Bay or Hakodate. Ludlina intetplkata and 
Onithoplax hirasd live from fbcinosa to the middle part of Honsyfi. the 
former is found exclusivdy on the. Pncific coasts, whfle L. eunanda is Bw 
only memho' in (he Japan Sea and As most northwn, species of the gemia. 
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The latter species is on. either side of Honsyu and limited in the north 
by a line drawn between Sado and Matusima Bay, that is very near 39° N. 
AcanthochUon dissimilis is obtained on both coasts of about the middle of 
Honsyu. AcaiUhochiUm defUippi has the similar in range habitat with 
that of Onithoplax hirasd, though it goes as far south as the southern 
coast of Kyusyu. Liolophura loochooana extends from Formosa and L. 
ctdig^nosa from the Loochoo Islands to the Kii Peninsula. 

2. Bipolarity or discontinuous meridional distribution. 

In the west Pacific the genera of chitons show occasionally meridional 
discontinuity in their distribution, that may be called bipolarity, kchno- 
mdsia hakodadensis is found in abundance on the shores of the northern 
half of Japan and other species of the genus arc known from Alaska and 
California, while four species of the genus have been recorded from 
Queensland, New South Wales, Victoria, South Australia and Tasmania. 
Three species of Icoplax have been reported from the eastern shores of 
Australia, ranging from Queensland to Tasmania and four species of the 
same group from New Zealand, while /. septemcostata, the only represen- 
tative in the northern hemisphere, was collected from Sagami Bay at the 
depth of 150 m. Three species of Lorica were described from the eastern 
coast ranging from New South Wales to Tasmania and one from New 
Zealand, while a member of the genus was dredged in Tosa Bay, off 
Simoda and off the Boso Peninsula at about the depth of 200 m. Liolo- 
phura is known from Australia and Japan, in the former locality two 
species have been distributed in the range between 20° and 35° S. on the 
eastern coast, while in the latter three species occur with the range from 
Formosa (22° N.) to Mutsu Bay or Hakodate Bay (41° -42° N.) ; Sqtmmo- 
jdeum ranges in its distribution between 10°-23° S. on the shores of 
Australia, New Caledonia, New Guinea and Malay Archipelago, while a 
northern representative occurs in Kdtosyo, Formosa (22° N.) ; Amphitomura 
occurs on the shores of the western Indian Ocean and the Bonin Islands 
vdth an enormous intervening distance. Onithoplax, Ludlina, Rhyssoplax 
are very rich in species in the southern tropics of tfre Indo-west-Pacific 
and a few representatives occur also in our waters, from Formosa to Mutsu 
Bay, HonsyQ. 


(B) Vertical distribution 
1. Bathymetrical distribution. 

The ehitoai may be grouped in three divisions according to their 
iMitiiymetrical disteibutien, viz. the littoral, the shallow water and the abyssal 
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zones. The second extends between the Laminaria zone and the 150 m 
line and the third is the inhabitants of waters over 150 m. 

a) The littoral zone has numerous species of heterogeneous groups in 
systematic position, such as Acanthochiton, Ischnochiton, Ischnoradsia, 
Lepidozona, Placiphorella, Mopalia, Callistochiton, Cryptoplaxt Lepido- 
pleuTtts, Liolophura, Onithoplax, Schizoplax. Cryptoplax japonica and 
Lepidopleurus hirasei are always found under stones or pebbles near the 
low water mark, Schizoplax brandti under rocks or on the leaves of Zostera 
at fairly low tides. 

b) The shallow water division. Notwithstanding its abyssal characters, 
a few members of Lepidopleurus are occasionally found in shallow water. 
L. latidens was dredged from 2-3 m in Sagami Bay. L. hakodatensis 
and L. assimilis from the Laminaria zone and from the depth of 30 m. 
Tonicella submarmorea, T. lineata, Spongioradsia foveolata, Lepidozona 
mertensi, L. iyoensis, Ischnochiton melinus and I. paululus occur at about 
the depth of 20-50 m. Lucilina amanda was collected from 75 m in 
depth, while L. interplicata from the Laminaria zone. Lepidozona inter- 
fossa and L. amahilis were taken from 80 m and Thaumastochiton from 
100 m in Sagami Bay. 

c) The abyssal division. As the majority of chitons are littoral, the 
deep-water forms are not many. To the abyssal division belong the genera 
Lepidopleurus and Hanleya. L. aequxspinus occurs at 300 m, L. japonica 
at 160 m, L. diomedae at 500 m ; Hanleya at 200 m ; Lepidozona pilsbryana 
at 400 m ; L. pallida at 600 m. 

2. Ontogenic migration. 

Any one who trys to collect chitons at the shore, will soon find the 
fact that young ones are very rare there. So far no ad^uate explanation 
to account for this fact has been put forth. Neither has anybody full 
account of where and how chitons ^pend their young stages. The larvae 
of chitons are of course free swimming. Then they go down from the 
surface to their favorable depths to begin their bottom life. Afterward 
thay gradually migrate toward the shore only to find at length their 
congenial home at the littoral zone. The following evidence seems to 
support the above account. Small specimens of Ischnochiton compius, 
measuring 6-10 mm in length, were dredged at the depth of 20-30 m. 
TTie juvenile forms of similar sizes of Lepidozona coreanica, L. albrechti, 
Ischnoradsia hakodadensis, Acanthochiton rubrolineatm, A. achates, A. 
defilippi, Onithoplax hirasei and Rhyssoplax kurodai were also found at 
the d^th of 20-80 m. 
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On the whole tendency has been noticed that the nearer the shore, 
the larger the specimens become. In his “Notes on West American 
Chitons ” Berry (1917) states about Tonicella lineata that “ it is interesting 
to note that all the dredged specimens*^ run very much smaller than those 
taken between tides. It may be mentioned also that whereas there are 
no large specimens among the dredged material, I have on the other hand 
seen no smaller ones from the shore”. And my opinion seems to be 
substantiated by the above remarks. However it is certain that the deep- 
water forms do not change the habitat during their growth period as 
their littoral congeners do, since specimens of various ages can be dredged 
from one and the same depth. 
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EXPLANATION OF THE PLATES 
PLATE XIV. 

Lepidopleurus hakodatensis TiitF.LR, length 9 mm. 

Lepidopleurus a$similis Thiele, length 8 mm. 

Tonicella ruber (Linne), length 6.5 mm. 

Spongioradsia foveolata^ nov. sp., length 6 mm. 
hchnochiton comptus (Gould), length 23 mm. 

Lepidozona tnertensi (Middrndorfp), length 17 mm. 

Lepidozana coreanica (Reeve), length 35 mm. 

Lepidozona albrechti (Schrenck), length 37 mm. 

Lepidozona albrechti (Schrenck), length 45 mm. 
hchnochiton comptus (Gould), length 16 mm. 

Mopatia fUrzutOt nov. sp., length 9 mm. 

ToniceUa lineata (Wood), length 16 mm. 

Pladphorella ntimpaoni (Goulo), length 25 mm. 

Lepidozona albrechti (Schrenck), length 47 mm. 

Cryptftplax japonica Pilsbry, length 30 mm. 

Tonicella aubmarmorea Midoendorpp), length 6.5 mm. 
Pladphorella atimpaoni (Gould), length 46 mm. 

PLATE XV. 

Acanthochiton rubrolineatua (Lischkk), length 27 miu. 
Acanthochiton achates (Gould), length 27 mm. 

Liolophura japonica (Lischre), length 36 mm. 

Rhyaaoplax tectiformiSj nov. sp., length 9 mm. 

Rhyaaoplax kurodai (Is. Tari et Iw. Tari), length 17 mm. 

hchnochiton comptua (Gould), length 18 mm. 

lachnochiton comptua (Gould), length 23 mm. 

hchnofadaia hakodadenaia (** Carpenirr ** Pilsbry), length 32 mm. 

Lucikna amanda Thiele, length 16 mm. 

lachnochiton paululuzt nov. sp., length 5 mm. 


PLATE XVI. 

Figs. 1-4, 6-8, 14. Lepidopleurus hakodatenaia Thdsle. 

1. Front view of the 4th valve, breadth 4 mm. 

2. Marginal spinules, length 70|i-76p. 

3. Dorsal view of the 4th valve, breadth 4 mm. 

4. Tail valve, breadth 3.5 mm. 

6. Girdle spines, length 120|i.-130p; thickness 16^*24^. 
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7. Peripheral scales of hyponotum, length 100-120 p; breadth 20-30 p. 

8. Scales of hyponotum, length 48-52 p; breadth 26-30 p. 

14. Tegmental surface. x65 

Pigs. 5t 9-13» 15. Lepidopleurua asaimilia Thiele. 

5. Hyponotum scales, length 60-90 p; breadth 30-40 p. 

9. Head valve, breadth 2.7 mm. 

10. Tail valve, breadth 2.8 mm. 

11. Front view of the 4th valve, breadth 3.5 mm. 

12. Dorsal view of the 4lh valve. 

13. Interior of the 4th valve. 

15. Sculpture of tegmental surface. x50 

PLATE XVII. 


Figs. 1-4. Tonicella ruber (Linne). 

1. Hyponotum scales. X600 

2. Radula. X400 

3* Marginal spinal. x600 
4. Girdle scales. x600 

Fig. 5. Marginal spines of Lepidopleurua €taaimilia Thiele, length 156-165 pi thick- 
ness 21-23p. 

Figs. 6-8. Lepidopleurua hakodatenaia Thiele. 

6, 7. Girdle scales, 72-84 p in length; 45-46 p in breadth. 

8. Radula. x300 

Figs. 9 11. Lepidopleurua aaaitnilia Thiele. 

9. Girdle scales, length 80-86 p; breadth 50-55 p. 

10. do. 

11. Radula. x500 


PIJVTE XVIII. 


Figs. 1-5. Tonicella ruber (Linne). 

1. Head valve, breadth 2.3 mm. 

2. Fourth valve, front view, divergency 98'. 

3. Tegmental surface of the 4th valve. 

4. Fourth valve, dorsal view, breadth 3 mm. 

5. Tail valve, breadth 1.8 mm. 

Figs. 6-8. Tonicella aubmarmorea (Middendorfk). 

6. Spine of girdle. x250 

7. Scales of hyponotum. x250 

8. Girdle scales. x600 

Figs. 9-15. Tonicella lineata (Wood). 

9. Head valve, breadth 6 mm. 

10. Fourth valve, front view, breadth 9 mm. 

11. Spinulet of perinotum, length 40-60 p; breadth 12-20 p. 

12. Fourth valve, dorsal view. 

13. Interior of the 4th valve. 

14. Hyponotum scales, length 70 p; breadth 30 p. 

15. Tail valve, breadth 5 mm. 
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PLATE XIX. 

Fi|^. 1, 3-8. Tfmxcella *ubmarmor€a (Middendorfp). 

1. Marginal spicule. x600 

3. Radula. x 200 

4. Spine of girdle. X460 

5. Fourth valve, dorsal view, breadth 3 mm- 
6« Interior of the same valve. 

7. Front view of the same, divergency 104"^^. 

8, Tegmental surface of the median valve. x50 
Fig. 2. Tonicmlla lineata (Wood), radula. X200 

PLATE XX. 

Figs. 1-10. Spongiaradaia foveoiaUi, nov. sp» 

1. Interior of tail valve. x30 

2. Head valve. x30 

3. Interior of head valve. 

4. Scales of hyponotum. xlOOO 

6. Tail valve. X30 

6. Left side of tail valve. x30 

7. Fourth valve. x30 

8. Interior of the fourth valve. 

9. Marginal spicules. xlOOO 

10. Spines of perinotum. x250 

PLATE XXL 

Fig. 1. Spongiaradsia fovtokUa, nov. sp., radula. x450 
Figs. 2, 4-6. Mopalia hinuta, nov. sp. 

2. Radula. x250 

4. Marginal spines. x400 

5. Scales of hyponotum. x400 

6. Scales of perinotum. x700 

Figs. 3, 7-9. Placiphorella 9titnpaoni (Gould). ' 

3. Marginal spines, 130 p, 160 p in length. 

7. Spinules of perinotum, length 30 /i. 

8. Hyponotum spinules, length 80, 95, 1 10 p. 

9. Radula. x 150 


PLATE XXIL 

Figs. 1-6. Mapalia hirsuta^ nov. sp. 

1. Head valve. xl8 

2. Fourth valve, front view. xl8 

3. Fourth valve, dorsal view. xl8 

4. Fourth valve, interior. xl8 

5. Tail valve. xl8 
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6. Interior of tail valve. xlB 

Figi. 7-15. FUieifihordia tUmptam (Gould). 

7. Tail valve* breadth 7 mm. 

S. Interior of tail valve. 

Left fide* of tail valve. 

10. Part of briftle of perinotum. x250 

11. Head valve* breadth 10.7 mm. 

12. Interior of head valve, breadth 10.7 mm. 

13. Fourth valve* front view, breadth 12.5 mm. 

14. Same, dorial view. 

15. Interior of 4th valve. 

PLATE XXIII. 

Figs. 1-6. Acanihochiton rubrolineatus (Lischkk). 

1. Head valve* breadth 4.8 mm. 

2. Tail valve* breadth 4.7 mm. 

3. Fourth valve* front view, breadth 5.5 mm. 

4. Hyponotum spinules, length 100 p, 120 p. 

5. Fourth valve* dorsal view. 

6. Spines of girdle, length 120 p, 320 p* 350 p. 
Figs. 7-11. Aeanthochiton achates (Gould). 

7. Head valve* same magnihcation as fig. 1. 

8. Tail valve, same magnification as fig. 2. 

9. Hyponotum spinules, length 60 p, 120 p. 

10. Fourth valve, dorsal view. 

11. do.* front view. 

Figs. 12-13. Mopalia hinuta^ nov. sp. 

12. Seta of perinotum. x60 

13. Bristle of seta. xlOOO 


PLATE XXIV. 

Figs. 1* 2. Aeanthochiton rt$br iineatus (Lischre). 

1. Hadula. xlOO 

2. Spicules of hair-tuft, length 1.5 mm. 1mm. 
Figs. 3-7. Aoanthoehiton achates (Gould). 

3. Radula. XlOO 

4. Marginal spine, length 540 p. 

5. Lgrge spine of perinotum, length 490 p. 

6. Small spines of perinotum* length 70 p, 120 p. 

7. Spkmles of habvtiilt* length 1.2 mm, 1.8 mm. 
Figs, 8» 9. i^ryptaplaa jupasika Pilbbrv. 

8. Fourth vidvtf* front view. 

9. Radida^xtOO 

PLATE XXV. 

Figf. 1^ Orfpfitaphm ictponica Pilsbry. 
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1. Head valve. 

2. Second valve. 

3 . Fourth valve. 

4. Tail valve, side view. 

5. Same, dorsal view. 

Figs. 6-8. Ischnochiton pctululus, nov. sp» 

6. Marginal spine. x600 

7. Marginal scales. xlOOO 

8. Marginal spinulea. xlOOO 

Figs. 9~16. Ischnochiton cfmptus (Goulu). 

9. Large marginal spines. x600 

10. Marginal spinules. x600 

11. Small marginal spines. x600 

12. Head valve, breadth 6.8 mm. 

13. Fourth valve, front view, breadth 8.5 mm. 

14. Fourth valve, dorsal view. 

15. Tail valve, breadth 6.5 mm. 

16. Hyponotum scale. x650 

Figs. 17, 18. Acanthochiton rubrolineatus (Lischke). 

17. Marginal spine, length 430 p. 

18. Spines of perinutum, length 33 p, 18 p. 

Figs. 19-21. Cryptoplax japonica Pilsbry. 

19. Spines of hyponotum, length 70 p, 77 p. 

20. Spines of perinotum, length 120 p, 330 p. 

21. Marginal spine, length 500 p; 

PLATE XXVI. 

Figs. 1-5. Ischnoradsia hak€Hladensis C* Carpenter * Pilsbry). 

1. Head valve, breadth 7.8 mm; body length 22 mm. 

2. Fourth valve, front view, breadth 9.6 mm. 

3. Same, dorsal view. 

4. Same, interior. 

5. Tail valve, breadth 7.9 mm. 

Figs. 6-12. Ischnochiton paululus, nov. sp. 

6. Scales of perinotum. x600 

7. Tail valve, dorsal view, breadth 2.8 mm, 

8. Same, left side. 

9. Hyponotum scale. XlOOO 

10. Peripheral hyponotum scale. xlOOO 

11. Fourth valve, front view, breadth 3.6 nun. 

12. Peripheral scales of peHnotum. xlOOO 

PLATE XXVIl, 

Figs. 1 5. Ischnoradsia hakodadensis 0 Carpenter ’ Pilsbry), 

1. Radula. X 150 

2. Marginal scale of hyponotum. x600 



CHITONS OF MirrSlJ BAY 


421 


3. Marginal spinules. x600 

4. Scales of hyponotum, x600 

5. Marginal spine. x600 

Figs. 6, 7. crnnptua (Gouli>). 

6 . Radula. x 200 

7. Major uncinus, major lateral. x250 
Figs. 8, 9. Ischnochiton paululus, nov. sp. 

8. Cusp. X 1000 

9. Central part of radula. v 1000 

PLATE XXVIll. 

F'igs. 1-12. Lepidozona coreanica (Heeve). 

1. Head valve. 

2. Second valve. 

3. Fourth valve, dorsal view, 

i. Interior of the same. 

5. Same, front view. 

6. Tail valve. 

7. Same, interior. 

8. Same, left side. 

9-11. Small marginal .spines, length 100 |i, 102 (ii, lISp. 

12. Tegmental surface of pleural urea. 

Figs. 13 18. Lepidozana albrechti (Sciirenck). 

13. Marginal spinules. x600 

14. Tegmental surface of the second valve of juvenile specimen, breadth B.5 mm. 

15. Head valve, breadth 12.5 mm. 

16. Tail valve, breadth 11 mm. 

17. Same, left side. 

18. Same, interior. 

Figs. 19, 20. Izchtioradsia hakodadensis (* ('akeenter ' P 11 . 8 HRY). 

19. Scale of perinotum, apical view. 

20 . do, dorsal view. 


PI^TK XXIX. 

Figs. 1* 6. Lepidozona mertensi (^MiddendoRFf). 

1. Head valve, breadth 6.5 inm. 

2. Fourth valve, front view. 

3. Scales of hyponotum. x250 

4. Interior of the 2nd valve, breadth 7.5 mm. 

5. Fourth valve, breadth 8 mm. 

6. Tail value, breadth 5.5 mm. 

Figs. 7--9. Lepidbgpna albrechti (Scurenck). 

7. Fourth valve, front view, divergency 130’, 

8. Same, dorsal view, breadth 15 mm. 

9. Scales of hyponotum. x250 - 

Fig. 10, Lepidozana coreanioa (Ukkvk). Scales of hyponotum, SOtix-SOp.. 
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Figs, 11-16. lichnodiUon comptus (Gould). 

11-13. Scales of perinotum. xl50 
14-16. Peripheral scales of perinotum. x700 
Fig. 17. LefHdoxona Mrechti (Schrenck), interior of the 4th valve* breadth 15 mm, 

PLATE XXX. 

Figs. 1-5. Lepidozona coreaniea (Reeve). 

1. Large marginal spine. x200 

2. Perinotum scale of juvenile specimen, breadth 30 (t. 

3. Radula. xl50 

4. Perinotum scale of full grown specimen, side view, height 280 p.. 

5. Same, dorsal view, breadth 280 p. 

Figs. 6-9. lepidozona mertenai (Middendorff). 

6. Marginal spines. x400 

7. Large marginal spine. x40() 

8. Marginal spimiles. x400 

9. Radula. x 150 

Figs. 10 13. lepidozona albrechti (Schrenck). 

10. Large marginal spine. x230 

11. CXisp of major lateral of full grown specimen. X 150 

12. Cusp of major lateral of juvenile specimen. X 150 
1.3. Radula. xl50 

PLATE XXXI. 

Figs. 1-5. Lepidozona alhrechti (Schrenck). 

1. Perinotum scale of full grown specimen, 270px310p. 

2. do., 450px740p. 

3. Peripheral scale of perinotum of juvenile specimen, 140px220p. 

4. Perinotum scale of full grown specimen, apical view, breadth 450 p. 

5. Perinotum scale of juvenile specimen, 140px200p. 

Figs. 6, 7. Lepidozona coreaniea (Reeve). 

6. Marginal spinules. x600 

7. Perinotum scale of juvenile specimen, 130pxl35p. 

Fig. 8. Rkyzzoplax teetiformia^ nov. sp., radula. x300 
Figs. 9, 10. Lepidozona mertenai (Middendorff). 

9. Perinotum scale. x400 
10. do., apical view. x400 

Fig. 11. Rhysaoplax kurodai (Is. Taki et Iw. Taki), radula. xl50 

PLATE XXXn, 

Figs. 1-7. Rhyzzoplax kurodai (Is. Taki et Iw. Taki), ^ 

L Head valve, breadth 6.3 nun. 

2. Second valve, front view, breadth 6.8 ram. 

3. Fourth valve, dorsal view, breadtii 0.5 mm. 

4. Tail valve, breadth 4,7 mm. 
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5. Scales of girdle. x200 

6. Marginal spines. x250 

7. Scales of hyponotum. x250 
Figs. 8-13. Rhysspplax tectifarmis^ nov. sp. 

8. Head valve, breadth 3.25 tnm. 

9. Second valve, front view, breadth 3.7 mm. 

10. Third valve, dorsal view, breadth 4 mm. 

11. Tail valve, breadth 2.8 mm. 

12. Scales of hyponotum. xBOO 

13. Marginal spine. x600 

14. Scales of girdle. X350 

Figs. 15 16. Liolophura japonica (Ijschkk). 

15. Peripheral scale of hyponotum. x3(K) 

16. Hyponotum scale, x.300 

Fig. 17. Lepidozana athrechti (SchrknckX marginal spines. x6()0 

PLATE XXXIII. 

Figs. 1 8. Liolophura japonica CLisc’Hke). 

1. Tail valve, dorsal view, breadth 11 mm. 

2. do., left side. 

3. do. interior. 

4. Head valve, breadth 13 mm. 

5. Interior of head valve. 

6. Fourth valve, front view, breadth 15 mm. 

7. Same, dorsal view. 

8. Interior of the same. 

Figs. 9-13. Lucilina amanda Thielk. 

9. Second valve, front view, breadth 5.8 mm. 

10. Fourth valve, dorsal view, breadth 6.7 mm. 

11. Spino.s of perinotum. x 1000 

12. Head valve, breadth 5.6 mm. 

13. Tail valve, breadth 5 mm. 

PLATE XXXIV. 

Figs. 1-4. Liolophura japonica (Li8chkk\ 

1. Marginal spines. x250 

2. Cusp of major lateral. x150 

3. Hadula. Xl50 

4. Calcareous spines of perinotum. x40 
Figs. 5^. Lucilina amanda Thiele. 

5. Spinules of perinotum. xlOOO 

0. Peripheral part of radula, including inner .small-lateral, outer small-lateral, 
ma|or uncinus, inner marginal. x250 

7, Cusp of major lateral, x 250 

8, Central part of radula. x 250 

9, Marginal spine. x600 
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SOME NOTES ON SPHAERIUM JAPONICUM BIWAENSE 
MORI, A FRESHWATER BIVALVE 
V. PROOiSSOCONCH-IARVA 

By 

Katsuhiro Okada 

BioUtgietl IiuHtiUe, Tihoku Imperial Uninermty, Sendai 
(With Phites XXXV-XXXVIII and sixty text-figures) 

(Received September 10, J937) 

In the Sphaeriidae, the larva is reared in the marsupial sac of the 
innar gill of the mother*bivalve, through all the stages of development. 
The inresent writer has observed the early stages of such a viviparous 
development in Sphaeriutn japonicum, viz. those of the cleavage, of the 
gastrula, and of the fetal larva (Okada 1935 c & 1936). In the further 
progress of development, the fetal larva grows directly into the earliest 
form of the bivalve without undergoing any apparent metamorphosis. 
The earliest bivalved larvae of the species under investigation however pass 
through the developmental stages within the marsupium, until delivery 
from the maternal body occurs. Thus, the developing larva of this bivalved 
form, after the coming into existence of fetal larva and before delivery, 
is called, in the present paper, the prodissoconch-larva. 

In this paper, the present writer gives an outline of his morphological 
observations of the development of the ‘prodissoconch-larva’ of the 
Sphaerium japonicum biwaense. 

Further, he is much indebted to Prof. Dr. E. Nomura for his kind 
suggestions and criticism during the course of this study. 

MATERIAL AND METHOD 

The matmal used in the present study was collected in April and 
June, 1936, from the drainage ditch of Iwanuma-Machi, a town south of 
Sendai^ The specimens were ascertained to be those of Sphaerium 
foponicum biwaetue Mori, according to the identification, most kindly 
made by Mr. Svuicm Mori. 

Invetdigations were earned out of both live and fixed specimens of the 
lerva, flie live ones being obtained by dissection from the inner gills of 
the modMU^bivalve. Various methods of fixation and staining were tried, 
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and the fixation with Perenyi’s solution and the staining with boraxcarmine 
were found to be most suitable for the total preparation. For the purpose 
of observing the inner structure, the inner gills involving the larvae were 
removed from the specimens, which were killed with Zenker’s solution, 
without glacial acetic acid, the embtyonic shell being then decalcified in 
a 70^ dcohol solution, containing I 96 of acetic acid. These fixed speci- 
mens were sectioned saially, 7-10 pt in thickness, by the paraffin method, 
or, 30 A in thickness, by die cdlloidin method, and then stained with 
Delafield’s haematoxylin, or by Mallory’s connective tissue staining method. 

CHANGES IN EXTERNAL SHAPE 

Stage /. The first stage of the prodissoconch-larva is continuous from 
the final stage of the fetal larva, without any notable metamorphosis. 
The external shape of this early prodissoconch-larva, measuring 0.25-0.3 mm. 
in body length (antero-posterior dimension), has the mushroom-like ouUine 
of the later fetal larva (PI. XXXV, Fig. 1). In this stage, two remarkable 
characteristics are seen in connection with the body. One is the formation 
of a small, but distinct, prodissoconch on the dorsal side of the body, and 
the other is the appearance of the rudiments of paired mantles and gills 
in its ventral region (Text-fig. 1). 


» (A) gt i (B) 



Text-fig. ,1. ProdiggoconcH-bnm in Stage I, about OJ25 nmi. long, x SOQ. (A) left 
side view. (B) poiterior view, bg byital gland, cerebro-pleural ganglion, dv 
digestive diverticulum,' f foot, g gill, hp heart and pericardium, i inteatlae, k kidney, 
m mantle, pg pedal ganglion, a prodiMOeonch, H atomocb, vg viaoerat ganglion. 
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Stage JI. In the course of its development, the larva increases in size 
and enters the second stage, when it measures 0.3-0.5mm. in length. 
The external shape gradually resembles that of the adult in appearance, 
owing to the rapid extension of the mantle and shell. In this second 
stage, each extending portion of mantle covers the gill, the visceral sac, 
and the proximal portion of the foot (Pi. XXXV, Fig. 2), and also, when 
viewed from the ventral side, each gill rudiment gradually forms a little 
undulatory ridge inside the rudimentary mantle (Textfig. 2). 

Stage III. When 
the larva has grown 
to a length of over 
0.5 mm., it enters the 
third or final stage, 
the adult outline be- 
ing assumed. In this 
stage, the prodisso- 
conch, the visceral 
sac, the mantle, the 
gill and the foot are 
clearly observable 
(Text-fig. .3). After 
this stage there is no 
further change in the 
form of the larva, 
which now develops 
into the bivalve in 
its earliest stage (PI. 

XXXV, Figs. 3 & -i). 

Some of the larvae, measuring 1-2.5 mm. in length, are readily liberated 
from the marsupial sac, but remain, for a while, in the inner branchial 
chamber of the mother-bivalve (Okada 1935 b). Except that the byssal 
gland In the foot is now fully developed and functional, the external 
features of these larvae are little distinguishable from those of the young 
mussds already bom (PI. XXXV, Figs. 5-7). The byssal gland, functional 
at this stage, secretes a byssal thread attached to the walls of the inner 
branchial dhaa^er. This gland in the present writer’s species is a' vestigial 
organ, and the delivwy of the young musseb from the mother seems to 
be cattsed by the atrophy of the byssal thread. The size of die young, 
when delivered,, differs in different individuals, and measures about 1.5- 


la 



Text-fig. 2. Prodissoconch-larva in Stage II, about 0.35 
mm. long, viewed from ventral side. x200. A anterior, P 
posterior; /foot, ggill, m mantle, s prodissuconch, jg margin 
of shell gland. 
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2^inBi. in length. 


OUTLINE OF ORGANIZATION 

1. Shell Gland and Prodissoconch 

As already stated, the shell‘>epidertnis, originating in the final stage of 
the fetal larva, develops directly into a prodissoconch, owing to a very 
active and more rapid extension of the shell gland in the lateral area 



Text^s- 3. Prodmoconch-larva in Stage HI, about 0.7 mm. long, viewed from 
right side. xlOO. m anterior adductor muscle, by l^ssus, d cloacal chamber, epy 
cerebro'pleural ganglion, do digestive diverticulum, /foot, k heart, « intestine, ig inner 
gill, k kidney, / ligament of shell. Ip labial palp, ag outer gill, p pericardium, pa 
posterior adductor muscle, pg pedal ganglion, up siphon, it stomach, eg visceral 
ganglion. 

than in the median. The stmclure of the ^ell gland in (he first and 
second stages of the prodiaBoconch4arva is ^wn in the figuVfs in Plates 
XXXVl-XXXVIII, ». e. its dorsgt and marginal pwts consist of columnar 
cells, while its lateral areas become thinner in the course of its growth. 
Actually, the ili^<e|Bderrai8 is secreted by the columnar cells on the 
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marginal borders (Text-fig. 4). Thus, the limits of the shell gland coincide 
with those of die shell. 



Tcxt-fig. 4. Schematic repreaenlation of prodissoconch and shell gland of pro- 
dUsoconchdarva in Stage If, about 0.4 mm. long, x 160. (A) dorsal view of prodisso- 
conch, (B) transverse aeCStion through ah in (A), (C) transverse section through cd in 
(A), CD) transverse section through a/* in (A). A anterior, P )>osterior; e epidermis 
of shell, ec marginal columnar cells of shell gland, k hinge line. / ligament, me dorsal 
columnar cells of shell gland, tc thinner cells of shell gland. 


These marginal, columnar cells of the shell gland form the rudiments 
of the epidermal gland, and cuticular .secretion from these cells is the 
origin of the epidermis of the prodissoconch. When the larva reaches 
the third stage, the epidermal gland lies near the outer margin of the 
mantle, and shows an involuted depression at the distal margin of the 
shdl gland. The prodissocontih extends over the whole outer surface of 
the mantle, and the involuted epidermal gland deepens into a slit-like cleft, 
which represents the definitive differentiation of the gland at tlie outer 
margin of the mantle (Text-fig. 5). Thus the newly grown shell-epidermis 
is formed by secretion from this involuted cleft. 

The ligament originates in the second stage of the larva. The right 
and left halves of the epidermis are continuous on the median, dorsal side 
of the ididl gland. In this portion, die accumulation of secretion is 
observed between the shell-epidmrmis and the dorsal, columnar cells of 
the ahell ghmd (Text-figs. 4 & 6, & PI. XXXVIII, Fig. 11 c). This 
aceumidated mase of secretion indicates tiie origin of the ligament, and 
is probably secreted by the dersid, columnar cells of the shell gland, being 
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apparently composed of a substance, . which fairly resembles that of the 
epidermis. The formation of the ligament indicates the definite position 
of the future hinge line (Text-fig. 4). 

In the third stage of the larva, the columnar cells at the median, 
dorsal side of the shell gland increase in height, propagate further as the 



Text*fig. 5. Transverse sections of prodissoconch^larva in Stage III, ahowing 
epidermal gland and mantle edge. x400. (A) mantle edge of larva, about 0.6 nun. 
long, (B) mantle edge of larva, about 1.5 mm. long, e epidermis of shell, eg epidermal 
gland, me mantle edge, mg mucous-secretory glandular cells, pm pallial muscle 6bres. 


consequence of the addition, of their secretion to the initiative ligament, 
and form a short, median ridge at die dorsal side of the shell gland 
(Text-figs. 6 & 8). 

It is difficult to investigate with any accuracy the mechanism o£ the 
deposition of carbonates in the shell.;. At any rate, it is true that an 
interspace soon appears between the Qiidennis afad the surface of die diell 
gland, and seems to contain a specialized liquid, which is produced by 
smne unknown mechanism over die entfce .wea of die shell ghind. being 
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probably caused by a certain physiological activity. In a live specimen, 
about 1 mm. in length, the internal organization can b(‘ seen through the 
shell, owing to its transparency (PI. XXX\^ Figs. H & o) ; while, in a 
fixed sr)ecimen at the same stage, it cannot be seem, because* of the 
intransparency due* to the coagulation of the organic matter contained in 
the shell (PI. XXXV, Figs. 1 & H). 


A n 



fi. rransvorse sections of pro«liss<>conch-larva, showin^^ li^zament and 
r<*Ial<Ml strui’tiires. tUO. A (»f larva, alxnit 0.4 mm. lon^;, i. P li^am<*nl of 

larva, al»oiit O.K mm. long, e epidermis of shell, / ligament of shell, me dorsal colnm 
nar cells of shell gland, mes mesenchyme, mr dorsal ridge of modiar) shell glaml. 

2 . Manti.k, (itiJ., Foot, and Visckkai. Sac 

The Mantle, In the first stage of the pro(li*^soconch-larva, in the region 
of the postero- ventral body wall, a pair of n*markabl(* tub(*rcles are found 
immediately Ix'hind the foot. These tubercles are tht* rudiments of the 
mantle folds (Text'fig. 1). In the progress of development, th(* rudimentary 
mantle fold, on either side of the body, extends anteriorly, and forms a 
rudimentary mantle cavity on its inner side. 

In th(* second stage, each mantle fold begins to cover laterally tin* 
visceral sac, the rudimentary gill, and the proximal region of the foot, in 
connection with the rapid extension of the shell gland and with (he 
progress of a bilateral cornpre.ssion of the body, which appears at the 
junction between the foot and the visceral .sac (Text-fig. Tin* structure 
of the mantle at this stage is only a large* folding of the lateral body wall, 
'rhe epithelium of the mantle consists of fialtened cells on the inner surface, 
of cubical cells in the distal area, and of th(* cells of the .shell gland on 
the outer surface (Pis. XXX Vll & XXXV^III). Mesenchymal elements 
are seen in the interior of the mantle, especially near its distal margin. 

When the larva enters the third stage, the differentiation of the so-called 
mantle edge becomes appan*nt. The distal margin of the mantle, con- 
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7. H(»rizontal seriion through Ti»xi ft 'i' . . 

stomach, and diRestive "divcrtic^*"" Hhol!’ "[’“h 11 ^d™""’ *" 
from specimen stained hv mXc/, ^ ll VtTT 

nective tissue staininR method xlM M i?’ '*y 

Mallory .s connective ti.ssue staining method 

Xl50. 

c/ cloacal chamlier, t/v digestive diverticulum, g gill, / ligament of shell m «♦! 
cavitv. me manH«i l ® “ ogameiH or sneiJ, me mantle 

v.ty, me mantle edge, «e oesophagus, se united septum of mantle, st stomach 
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steting of cubical cells, forms an elevation towards the mantle cavity, and,. 
intemaUy, becomes attached by connective tissue cells, or pallial myocytes. 
At the same time, the intier layer of the mantle becomes increasingly 
flattened and forms a thinner epithelium, together with the flattened area 
of the shdl gland on the out» surface of the mantle. 

At die end of the third stage, the siphons are formed at the postero- 
ventral area of the mantle. When the larva measures about 0.7 mm. in 
length, both mantle edges unite with each other at the point, where the 
posterior end of each gill is attached to the corresponding mantle, and 
form, obliquely, a median septum, which separates the dorso-posterior 
cloacal chamber from the ventro>anterior mantle cavity. With the develop- 
ment of the cloacal chamber, the exhalant siphon is first formed by the 
mantle edges on the dorsal side of this septum, and then the inhalant 
siphon is formed by another union of the mantle edges on the ventral side 
of it (Text-figs. 7 & 9). 

The GUI. In the first stage of the prodissoconch-larva, immediately 
after the formation of the rudimentary mantle, already described, a tubercle 
is observed on the inner surface of each mantle fold. This swelling inside 
the mantle is the rudiment of a gill (PI. XXXVI, Figs. 8 c & 9). 


VK (A) pr pr (B) vg 



me b 


Tesct-fig. 9. Sehematic representation of prodbsoconch4arvn in Stage III, illustrat- 
ing fotaiatien'of slphen. XlSO. (A) transverse section through cloacal chamber and 
maade edge fordiing inhalant siphon, (B) transverse section through exhalant and 
'Inhalant siphons, d cloacal chamber or base of exhdant ‘dphen, e epidermU of shell, 
it Inhahutt siphon, k Iddney, mt mantle edge forming inhalant siphon, os osphradium, 
pr posterior retractor muscto of foot, visceral ganglion. 
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Its surface is a single layer constituted oi cubical elements, and the 
several invading mesenchymes fill its interbr. Elach rudimentaiy gill is 
thrust out postao-ventrally and, when viewed laterally, it is a trimtgular 
ridge protruding under the mande fold (Text-fig. 1). Meanwhile, the 
rudimentary gill begins to differentiate into -filaments. On the outer surface 
of the rudimentary -gill, a few undulatory foldings appear oUiquely when 
viewed lateraUy. These folds are the initiative, gill filaments, and the gill 
comes to be composed of a set of filaments, .which vconstittite die earliest 
gill lamella. < . 

fA) 



me f 

Text-Ag. 10. (A) recon«tnictiv« achema of radimenUry gill of prodiasoeonch-larva 
in Stage II, about 0.4 mm. long, and diagniip .iUuatratiag its itniotiiie in tranavene 
section (B) through ab, and in horizontal section ,(C) through ed in (A). XdOO. A 
anterior, D dorsal, P posterior, V ventral; e eHia oj gi|I filament, ib inner bcaOchial 
chamber, m mantle, me mantle cavity, tw wall of visceral .aac. 
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. At the beginning of the second stage of the larva, each gill lamella 
extends anteriorly from the posterior end of. the body to the level of the 
digestive diverticulum, and consists of three or four filanients (Text-fig. 2). 
Ciliated cells, also, appear at some places in each filament (Text-fig. 10). 
At the end of the .second stage, the gill lamella becomes perfectly covered 
by the mantle owing to an active growth of the latter, although in the 
former, also, the number of filaments continues to increase, and, con- 
sequently, an extension of the lamella occurs (PI. XXXV, Fig. 2). Hence- 
forth, the differentiation of the gill advances to its definitive, filamental 
structure in the order from the anterior to the posterior side (Text-figs. 
28-31). 

In the third stage, the filamental structure of the gill seems to be 
almost complete, except at the insufficiently differentiated part near its 
posterior end (Text-figs. 3, 7 & 8). Simultaneously, a new tubercle of 
another gill comes to be observed on the posterior side of, and outside, 
each old gill. This old gill is the inner gill, and each newly formed one 
develops to the outer gill. 

In the Sphaeriidae, the gill is the organ of respiration, and of the 
rearing of the young. Observation of the development of the gill, there- 
fore, must be the most important and interesting part of the investigation. 
The actual results of this observation, however, cannot be definitely stated 
in this paper. 

The Foot. As previously stated (Okada 1936), the foot was distinct 
from the body in the final stage of tlie fetal larva. The pedal ganglia, 
the byssal gland, and many mesenchymal cells were found in this foot, 
which was a little protrusible, and had fine cilia on the surface of its 
distal portion. 

In the first stage of the prodissoconch-iarva, the formation of paired 
otocysts is observed at the anterior, proximal part of die foot (PI. XXXVI, 
Fig. 8 a). Later than the second stage, the foot becomes more protrusible 
with the formation of definite muscles in its interior, and grows to be a 
muscular protrusion at the ventral side of the body, containing the pedal 
ganglia, the byssal gland, and the otocysts. 

The Visceral Sac. At the beginning of the first stage of the prodisso- 
conch-iarva, the differentiation of the mantle and the gill from the body 
begins, and, hencdlorth, the visceral sac is distinct. When the larva 
readies the second stage, the visceral sac thus proves to be the body proper, 
exduding the mantle, the gill, and the foot, and involves the main nervous 
system, the whole alimentary system,, and many odier organs, viz. the 
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heart, the pericardium, the kidney, Ae gonad, several muscles, etc. At 
Ae end of Ae second stage, Ae body wall on boA sides of. the mouth 
differentiates into labial palps. In Ae Aird stage, Ae paired rudiments of 
osphradia appear at Ae roof Ae cloacal chamber. 

Thus, ail the organs appear at the definitive positions and develop into 
Ae adult organization, at the end of the last stage in the prodissoconch- 
larva. 


ORGANOGENESIS IN EACH SYSTEM 
1. Nervous System 

The Cerd>ml (Cerdm-pleteral) Ganglia. In Ae final stage of the fetal 
larva, on eiAer side of Ae stomodaeum, the larval pleural ganglion was 
united with Ae larval cerebral ganglion, and Ae larval cerebro-pleural 
ganglion was formed Aere. Meanwhile, each larval cerebro-pleural ganglion 
became differentiated into a central mass of nerve fibres and peripheral 

T«xt-figs. 11-18 are photographed from specimens stained by Mallory^s connective 
tissue staining method. xSOO. aa anterior adductor muscleS) br branchial lobe 
of visceral ganglion* cc cerebral commissure, qgr cerebral part of cerebro-pleural 
ganglion, d cloacal chamber, cve cerebro-visceral connective, do digestive diver- 
ticulum, g gill, ffi intestine, k kidney, m mouth, me mantle cavity, oe oesophagus, 
os osphradium, pe pedal commissure, pg pedal gan^dion, pig pleural part of 

^ cerebro-pleural ganglion, pr posterior retractor muscle of foot, vc visceral com- 
missure, vg visceral ganglion. 

Text-fig. 11. Horizontal section through prodissoconch-larva in Stage ,11, showing 
cerebral ganglia and cerebral commissure. 

Text-fig. 12. Horizontal section through prodissoconch-larva in Stage II, showii^ 
united cerebral ganglia and pleural ganglia. 

Text-hg. 13. Horizontal section through prodissoconch-larva in Stage 11, showing pedal 
ganglia. 

Text-fig. 14. Horizontal section through prodissoconch-larva in Stage II, showing 
visceral ganglia and their branchial lobes. 

Text-fig. 15. Horizontal section through prodissoconch-kurva in Stage .HI* showing 
cerebro-pleural ganglia, cerebral commissorei and anterior adductor, muscle. . . . 

Text-fig., 16. Horizontal section through prodissoconch-larva in Stage 111, showing 
united pedal ganglia. 

Text-fig. 17. Horizontal section through prodissoconch-larya in Stage 111, showing 
visceral ganglia and dsphradia. 

Text-fig. 18* Transverse section through prodisaoooneh-larva in Stage Hi, showing 
united visceral ganglia, visceral commiasvre, iispikradia» posterior retractor sous- 
cles of foot, and cloacal chiunber. 
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layer, rich in nuclei. The paired cerebro-pleural ganglia were united by 
the pre-existing cerebral commissure, which passes over the anterior side 
of the stomodaeum. 

In the first and second stages of the prodissoconch-larva, each cerebro- 
pleural ganglion is pear-shaped, with the cerebral part at the wider end 
and the pleural part at the narrower (Text-figs. 11 & 12). In the third 

Tcxt-fiRs. 19-25 and 28-31 are photographefl from specimenn stained following Mallory's 
connective tissue staining method, and Tcxt>6gs. 26 and 27 from specimens 
stained with Heidenhain’s haematoxylin. x 300, ar anterior retractor muscle of 
foot, bg byssus-secretory glandular cells, bt byssus, by byssal invagination, dv 
digestive diverticulum, ef epithelium of foot, ep epidermal gland, f foot, g gill, 
gc germ cells, gf gill hlament, gl gill lamella, h heart, in intestine, ip inner 
labial palp. Ip labial palp, m mantle, me mantle cavity, ms mucous>secretorv 
cells, oc otocyst, ol otolith, op outer labial palp, p pericardium, pg pedal gan> 
glion, pig pleural part of cerebro<^pleural ganglion, vw wall of vi;>ceral sac. 

Text-fig. 19. Transverse .section through prodissoconchdarva in Stage II, showing 

byssal invagination. 

Text-fig. 20. Transverse section through prodissoconch-larva at beginng of Stage III, 
showing byssal gland. 

Text-fig. 21. Transverse section through prodUsoconch-larva at end of Stage III, 

showing fully developed byssal gland. 

Text-fig. 22. Transverse section through prodissoconch-larva at end of Stage III. 

showing external orifice of fully developed bys.sal gland. 

Text-fig. 23. Transverse section through prodissoconchdarva in Stage II, showing 

otocyst. 

Text-fig. 24. Transverse section through prodissoconch-larva in Stage III, .showing 
otocyst. 

Text-fig. 25. Transverse section through prodissoconch-larva in Stage II. showing 

rudiment of labial palp and pleural part of cerebro-pleural ganglion. 

Text-fig. 26. Transverse section through prodissoconch-larva at end of Stage III, 

showing labial palps, cerebro-pleural ganglia, and anterior retractor muscles of 
foot. 

Textdig. 27. Transverse section through prodissoconchdarva at end of Stage 111, 

showing mucous-secretory cells in foot. 

Text-fig. 28. Transverse section through prodissoconch-larva at beginning of Stage 

II, showing rudimentary gills, heart and pericardium, and primordial germ cells. 

Text<6g. 29. Transverse section through prodissoconchdarva at beginning of Stage HI, 

showing filaments of anterior region of gill. 

Text-fig. 30. Transverse section through prodissonconchdarva at beginning of Stage 

III, showing gill in course of differentiation into filaments. 

Text-fig. 81. Transverse section through prodissoconchdarva at beginning of Stage 
ni, showing posterior region of gill, which has fust begun to differentiate into 
filaments. 
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stage, however, this ganglion, having completed the incorporation between 
the pleural and cerdtral ganglia, . assumes a somewhat dliptical outline, 
with the long axis perpendicular to the stomodaeum, and to some extent 
has a wider ventral pleural part and a narrower dorsal cerebral part 
(Text-figs. 15 & 32). The larval cerebro-pleural ganglion, in this condi- 
tion, — t. e. after the completion of the incorporation of both ganglia, — is 
then termed the cerebral ganglion. 

The Pedal Ganfdia. The paired pedal ganglia, originating together 
with the byssal invaguiadons on the postero-ventral side of the foot of 
the fetal larva, come' to lie in the dorsal region of the foot of the prodisso- 
conch-larva, }ust beneath the junction between the intestine and the stomach. 
They, also, indicate the ganglionic differentiation into the peripheral 
nuclear and central fibrous parts, as in the case of the cerebral ganglion, 
and a short commissure appears at their adjacent sides (Text-figs. 13 & 
40). In the first and second stages of the larva, each pedal ganglion is 
somewhat spherical in shape, being slightly flattened dorso-ventrally. In 
the third stage, both pedal ganglia become united with each other at their 
adjacent faces, a bi-Iobular mass of the pedal ganglia thus resulting (Text- 
fig. 16). 

The Visceral Gai^ia. The paired, rudimentary, visceral ganglia are 
first distinct in the first stage of the prodissoconch-larva, and lie in the 
antero-ventral region of the future posterior adductor muscle inside the 
rudiment of the gill (Text-fig. 43). 

In the progress of development, the structure of each visceral gangdion 
begins to show a nuclear and a fibrous part Each visceral ganglion shows 
the most complicated outline, being composed of three lobes. -The antero- 
ventral lobe of this ganglion is called the braqchial lo^, and lies at the 
posterior proximal base of the developing gill (Text-figs. 14 & 55). The 
antero-dorsal lobe is small, and is called the anteriw lobe. The remaining 
main portion is an elliptical mass, and shows a somewhat circular outline 
in transverse section. These main portions on both sides of the body are 
united, later, with eadi other, at their adjacent faces (Text-figs. 17, 18 
& 32). 

The Accessory Ganfdia. A small ganglionic mass, probably dorived 
from the visceral ganglion, is found, at the end of the third stage of the 
larva, near either lateral wall of the doacal diambmr, and is called Ihe 
accessory ganglion (Text-figs. 32 & 35), the origin of whidi could not be 
exactly traced in this investigation. 

The Nerve Connectives and the Main Nerve Fibres. At the end of the 
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third stage of the larva, two pairs of nerve connectives are easily distin- 
guishable. One pair is the cerebro-pedal connectives, each of which arises 
at the ventral side of the corresponding cerebral ganglion and joins the 
cwresponding pedal ganglion at its anterior end (Text-fig. 32). The other 
is the corebro-visceral connectives, each of which arises at the posterior 
end of the corresponding cerebral ganglion and joins the corresponding 
visceral ganglion at its anterior lobe (Text-fig. 32). 


A B 



Text-fig. 32. Schematic representation of nervous system of prodissoconch-larva 
at end of Stage III, about 1 mm. long. x65. (A) right side view, (B) dorsal view. 
<tam fibre innervating anterior adductor muscle, acg accessory ganglion, al anterior 
lobe of visceral ganglion, ame fibre innervating anterior half of mantle edge, bl bran- 
chial lobe of visceral ganglion^ by fibre innervating byssal gland, eg cerebral ganglion, 
epe cerebrokpedal connective, eve cerebro-visceral connective, ft and /s fibres innervating 
foot region, tie fibre innervating external orifice of kidney, ct fibre innervating otocyst, 
poOi fibre innervating posterior adductor muscle, pg pbdal ganglion, pme fibre 
limervatlhg posterior half of mantle edge, si fibre innervating siphon, vg visceral 
ganglion. 


Besides these connectives, the differentiation of ^e nerve fibres by 
degrees becomes dearer. Every gani^ion gives off is number of nerve 
fibres wMch ihnarvate several organe' (Texbfig. 32). From each cerebral 
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ganglion issue nerve fibres, innervating die anterior adductor muscle, the 
anterior part of the visceral sac, and the anterior half of the mantle edge 
on either side of the body. Each pedal ganglion gives off several nerve 
fibres, innervating the foot. The nerves, which arise at each visceral 
ganglion, are the branchial nerve and a number of nerves, innervating 
the posterior half of the visceral sac, the posterior adductor muscle, the 
cloacal chamber, the siphons, and the posterior half of the mantle edge. 
The small branches of nerve fibres in each organ cannot be described in 
detail in the present paper. 

2. Special Sense Organs, Labial Palps, and Byssal 
AND Mucous Glands 

The Otocysts. The formation of each otocyst is observed in the first 
stage of the prodissoconch-larva. The body wall on either side of the 
body, lying postero-ventrally to the pleural ganglion, is invaginated into^ 
the foot These paired small invaginations of the body wall are the 
rudiments of the otocysts. Each rudimentary otocyst deepens and, finally, 
forms a vesicle, its outer opening being closed. This vesicle sinks further 
into the interior of the foot towards the pedal ganglion (PI, XXXVI, 
Fig. 8 a). 

When the larva reaches the second stage, the otolith appears in each 
otocyst (PI. XXXVII, Fig, 11 c, PI. XXXVIII, Fig. 12 b, & Text-fig. 23). 
The otocyst at the end of the third stage is suspended in the connective 
tissue just anterior to the pedal ganglion, forming the vesicle of a unicellular 
layer. This vesicle is invested by a thin capsule of connective 'tissue cells 
(Text-fig. 24). In a live specimen in this stage, the otolith is a small, 
spherical concretion in the cavity of the otocyst, and rotates supported by 
numerous cilia. 

The Osphradia. In the third stage of the larva, closely paired, epi- 
thelial thickenings are found at the roof of the cloacal chamber (Text-figs. 
17 & 18). Each thickening of this sort consists of cubical cdls, and 
lies in contact with the branchial lobe of the visceral ganglion, being 
lined with a distinct basement membrane of the thickening, though the 
nerves there are not yet found. This developing sense organ is the rudi- 
ment of the osphradium (Text-fig. 33). 

The Labial Palps. In the second stage of the larva, the body wall 
on either side of the mouth just ventral to Ae pleural ganglion/ thickens 
and is thrust out to the mantle cavity^ This is the rudiment of the 



PRODISSOCONCH-LARVA OF SPHAEKIUM JAPONICUM 


443 



bl cl os 

Text-fig. 33. Transverse section of prodisso- 
conch-larva, about 1.5 mm. long, showing relation 
between osphradia and visceral ganglia. x200. 
bl branchial lobe of visceral ganglion, cl cloacal 
chamber, eo external orifice of kidney, fn nerve 
fibre innervating external orifice of kidney, k 
kidney, os osphradium, vg visceral ganglion. 


labial palp (Textfig. 25). In the third stage, each rudimentary labial 
palp is divided into the outer and inner palps, owing to its own growth 
and to the occurrence in it. of 
a longitudinal folding. The 
inner surface of the outer palp 
and the outer surface of the 
inner palp consist of cubical 
cells, and are furnished with 
fine cilia (Text-fig. 26). Each 
outer palp becomes, finally, 
continuous to the body wall 
anterior to, and each inner 
palp to that posterior to, the 
mouth. The outer surface of 
the outer palp and the inner 
surface of the inner palp 
consist of non-ciliated, flattened 
eells. The ciliated groove between the outer and inner palps on either 
side of the body is continuous to the mouth. 

The Byssal Gland. The byssal invaginations on both sides of the 
postero-ventral region of the foot were united to each other at their 
proximal end in the final stage of the fetal larva. At the first stage of 
the prodissoconch-larva, this united invagination shows a V-shaped lumen, 
the binate distal ends of it being sunk antero-dorsally into the interior of 
the foot (PI. XXXVI, Figs. 8 c & 10). The wall of this lumen begins to 
differentiate into that of the byssal gland, though the byssus is not yet 
to be found. When the larva reaches the end of the second stage, the 
united portion of the byssal invagination increases in depth, and the lumen 
assumes thus a Y-shape. The byssal glandular cells begin to differentiate 
from the lining epithelium of the byssal invagination, and occupy a po- 
sition outside this invagination on the dorso-lateral sides near its distal end. 
The secreted byssus begins to appear (Text-fig. 19) and the practically 
completed byssal glandular cells can be seen in the third stage of the 
larva (Text-figs. 20-22). The secretion from these glandular cells is 
accumulated into both tc^s of the Y-shaped lumen and forms a byssus- 
thread (Text-fig. 34). 

The Mucous Glands. The mucous is secreted by several mucous glands 
as in the odier lamdlibranchia. The mucous-secretcury ctells are first 
'distinct at the end.<rf die third stage of the prodissoconch-larva. They 




444 


K. ORADA 


are large ovoid cells, containing, respectively, a vesicular nucleus and a 
number of fine granules. Their cytoplasm takes the aniline blue in 
Mallory’s connective tissue stain. Fine granules contained in diem are 
accurately demonstrated in the preparation stained with Heidenhain’s 
haematoxylin. The mucous-secretory glandular cdls are found grouped in 
three different positions, viz. at each lataral wall of the cloacal chamber, 

- . ■ A 

a 



me 
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bi 



Text'fig. 34. Sections, showing full«devek>pted byssal gUind. (A) Schema viewed' 
from right side, xlOO, (B) section through oA in (A), X400, (C) section through cd 
in (A), x400. arm anterior retractor muscle of foot,, Ag byssus-secretory glandular 
cells, At Y*shaped |umeh of byssal invagination, Ag ahcreteii hyssM, me mucous-secretoty 
cells, pg pedal ganglion, pm posterior retractor muscle Af foot. . ' 
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«t each mantle edge, and at the foot. 

A group of mncous-secretory cells is found, just ventral to the access 
sory ganglia (Text>fig. dS)^ Beside this, a number of glandular cells of 



Text^Rg. 35. Horizontal section through anus of prodissoconch4arva at end of 
Stage 111, illustrating mucous gland of cloacal chamber. X 300. og accessory ganglion, 
be blood cells, ba blood vessel, eg epidermal gland, ep epidermis of shell, ex exhalant 
siphon, k kidney, me mucous-secretory cells, pam posterior adductor muscle, prm pos- 
terior retractor muscle of foot, sm muscles of siphon, vg visceral ganglion. 


this sort are, also, scattered along the inner side of the mantle edge 
(Text-hg. 5). The other group of the mucous cells is observed at the 
foot. These mucous cells are found in the interstices between the muscle 
fibres, attached to the inner surface of the external epithelium of the foot. 
They are most abundant in the antero-ventral and both lateral surfaces 
of the foot, but decrease in number posteriorly and dorsally (Text>figs. 
27 & 34). 


3. Digestive System 

7Ae Mimentary Canal. In the first stage ot the prodissoconch-larva, 
die anterior end of the rudimentary stomach extends anteriorly and forms 
the so-called oesophagus, which, in turn, combines with the short ectoder- 
mal stomodaeum. The rudimentary stomach begins to expand in the 
antero-ventral direddon, and its posterior mid comes to lie at the dorsal 
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region of the pedal ganglia, and continues to the intestine, which makes 
a sharp postero-dorsal bend at the junction with the rudimentary stomach. 
The intestine runs further posterioriy, passes through the heart rudiment, 

and then continues to the 
^ ad anus (PI. XXXVI, Fig. 

10 & Text-fig. 36). 

In the second stage of 
the larva, the structure of 
the wall of the rudimen- 
tary stomach is, also, 
undergoing further dif- 
ferentiation. Along the 
anterior and posterior 
median walls of the rudi- 
mentary stomach, two 
slight ridges of the lining 
epithelium, anterior and 
posterior, respectively, 
form there vertically, and 
the rudimentary stomachal 
cavity tends to divide into 
the right and left halves. 

The right cavity de- 
velops into the adult 
stomach, and the left into 
the future sac of the 
crystalline style. The 



pg 

Text-fig. 36. Schema illustrating digestive system in 
median, sainttal section of prodissoconch-larva in Stage 
11, about 0.4 mm. long. xl50. a anus, aam anterior 
adductor muscle, ad anterior lobe of digestive diver- 
ticulum, by byssal gland, h heart, in intestine, k kidney, 
m mouth, oe oesophagus, pam posterior adductor muscle, 
pd posterior lobe of digestive diverticulum, pg pedal 
ganglion, st stomach, vd ventral lobe of digestive diver- 
ticulum, vg visceral ganglion. 


cavity of this rudimentary 
crystalline style sac is a little larger than that of the stomach proper, 
and its wall begins to be covered with stout cilia. A mass of secretion 
granules is now found in the dorsal part of this rudimentary sac (Text- 
fig. 37). This secretion mas$ is the crystaUine style in its original condi- 
tion, that seems to be a product of some cells constituting mainly the 
dorsal wall of the vertical ridges mentioned above. In most ca.ses of the 
present writer’s material, only a small concretion of a rudimentai^ crystal- 
line style was seen. In the third stage, die secretion mass can be first 
called a crystalline style, and forms a long rod, which extends to the 
posterior portion of the stomach. 

Later than the second stage of dw larva, both right and left halves 
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of the rudimentary stomachal cavity, men- 
tioned already, diminish gradually in dimen- 
sion near their posterior end and are con- 
tinuous to the tubular lumen of the intestine, 
there being no clear distinction between the 
stomach and the intestine in the structure 
of both walls. At the same time, a notice- 
able change is taking place in the anterior 
course of the intestine. In the first stage 
of the prodissoconch-larva, the bending at 
the junction between the intestine and the 
stomach was actually a sharp turn directed 
dorso-posteriorly (Text-fig. 38 a). In the 
subsequent stages, this portion of the in- 
testine comes to form a loop at the dorsal 
side of the pedal ganglia (Text-fig. 38 b & 
c). 

In the third stage, the intestine, begin- 
ning at the posterior end of the comparative- 
ly swollen stomach, proceeds first dextro- 



rry 

Text-fig. 37. Horizontal sec- 
tion through .stomach and diges- 
tive diverticula, showing origi- 
nation of crystalline style of 
prodissoconch-larva, at begin- 
ning of Stage II. x400. cry 
crystalline style, css crystalline* 
style sac. Id left digestive diver- 
ticulum, rd right digestive diver- 
ticulum, stp stomach proper. 


(C) P 
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Text-fig. 38. Reconstructive schema, showing anterior portion of intestine in three 
developmental stages of prodissocoiich-larva, viewed from dorsal, x 150. (A) from 

larva, about 0.3 mm. long, (B) from larva, about 0.4 mm. long, (C) from lairva, about 
1 mm. long. A anterior, L left, P posterior, R right; tn intestine, sie stomach. 
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anteriorly, turns sinistrally, and is directed dien {tosteriorly. Then it con- 
tinues a postero-doraal course, undomeath the stomach, shifting slightly to 
the r^ht side of the body, and reaches as high as the level of the dorsal 
surface of the stomach. It proceeds, finally, postero-ventrally, along the 
median plane of the body and passes through the heart. 

7%e Digesiwe DiverHcida. Each rudimentary digestive diverticulum, 
evaginated on either side of the anterior end of the rudimentary stomach 
at the final stage of the fetal larva, is increasing in size and differentiating 
into a glandular structure, with the progress of the development of the 
prodissoconch-larva (PI. XXXVl, Figs. 8a & 9). In the second stage, 
each digestive diverticulum divides into three lobes — an anterior, a pos- 
terior and a ventral (Text-fig. 36, PI. XXXVII, Fig. 11 c, & PI. XXXVIII, 
Fig. 12 b & c). In the third stage, each lobe of the digestive diverticulum 
subdivides into lobules, and comes, finally, to have an alveolar external 
appearance (Text*fig. 39 a). 



og (B) yg 



Text-fig. 39. Digestive tract and diverticula of prodiaioc«meh-larva at end of 
Stage III, about IJS mm. long, x 100. (A) digeathre tract and diverticulum -as teen 
from left side, (B) borirontal aacUon throng ah in (A). A anterior, P posterior; de 
digeative diverticulum, in inteatine, oea oeaophagua, eg cdder cdla of digestive diver- 
ticulum, at atoRMch, gg younger calls of digeative dlvertiedutn. 



PRODISSOCONCH-LARVA OF Sl'HAERlUM JAfONICUM 449 

The wall of the digestive diverticulum consists of glandular cells which 
are different from those of other portions of the alimentary system. In 
the third stage, the glandular cells of the digestive diverticulum have a 
high differentiation, this indicating the several degrees of cell activity 
(Text-figs. 8 & 39 b). The most highly differentiated older cells are larger 
and longer, containing many granules. The younger cells, differentiated 
imperfectly, are smaller and shorter, containing dense cytoplasm deeply 
stainable, and lie, mainly, near the tip and base of each lobule. 

4. MuscuiJtR System 

In the development of the prodissoconch-larva, some of the mesenchyme 
cells, which were scattered widely in the body of the fetal larva, are dif- 
ferentiating into myocytes, and form muscle fibres. 

The Muscles of the Foot. A small number of myocytes were found in 
the foot of the fetal larva (Okada 1936). In the first stage of the larva, 
a large number of myocytes are found attached inside the superficial 
ectoderm of the foot, mainly on the ventral and lateral sides. Besides 
these, a small number of myocytes are scattered in the interior of the foot 
(Text-fig. 40). In the third stage of the larva, the foot is merely a 
muscular protrusion, and the muscles of the foot are grouped into the 
right and left halves by a median cleft (Text-fig. 41). Each half of them 
is composed of interlaced muscle fibres running in all directions. 

Ihe Anterior Adductor Muscle. In the second stage of the larva, a 
number of spindle-shaped cells, forming a group, appear antero-dorsally to 
the cerebral ganglion near the anterior end of the visceral sac (PI. XXXVII, 
Fig. 11 a & Text-fig. 42). These ceUs increase in number and differenti- 
ate into the anterior adductor. In the third stage, the anterior adductor 
forms a stout bundle of muscle fibres (Text-fig. 15), which run, transversely, 
along the anterior side of the cerebral ganglia. It is irregularly elliptical 
in sagittal sections of the body (Text-figs. 3, 32 & 36). 

The JPbsterior Adductor Muscle. At nearly the same stage, when the 
rudiment of the anterior adductor is seen, there is also found that of the 
posterior adductor at the postero-dorsal side of the visceral ganglia near 
the posterior end of the visceral sac. In the third stage, the posterior 
adductor forms, also, a stout bundle of muscle fibres near the posterior 
end of the visco’al sac (Text-fig. 44), and shows an irregular oval shape 
ii) ssigittaL sectiotis of the body (Tmit-figs. 3, 32 & 36). 

Tfte AfUetior Retractor Muscles of the Foot. In the second stage of 
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the larva, a little later than the appearance of the rudiments of the 
anterior and posterior adductors, on either side of the body^ several myo- 
cytes are arranged in a slender strand, arising from the dorsal side of 
the anterior adductolr and running postero-ventrally into the foot, through 
the inside of the cerebro-pleural ganglion (Text-fig. 45). In the third 
stage, each anterior foot retractor is a narrow, long bundle of muscle 
fibres. Each bundle converges once at the inside of the respective cerebro- 
pleural ganglion, and then diverges widely into the foot (Text-figs. 34 a 
& 49). It is circular in transverse sections of this muscle. 

The Posterior Retractor Muscles of the Foot. Almost at the same stage, 
as the appearance of the anterior foot retractor, the strand of each pos- 
terior foot retractor is, also, indicated near the rudimentary posterior 
adductor (Text-fig. 43). In the third stage of the larva, the posterior 
foot retractor is a bundle of muscle fibres, as in the case of the anterior 
foot retractor (Text-fig. 46), It arises from the dorsal side of the posterior 

.T«xt-figs. 40, 42 45, 47 and 48 arc photographed from specimens stained following 
Mallory’s connective tissue staining method and Text*figs. 41 and 46 from speci- 
mens stained with Heidenhain’s haematoxylin. x3()0. aa anterior adductor 
muscle, ar anterior retractor muscle of foot, bl levator branchiarum muscle, ef 
epithelium of foot, f foot, g gill, in intestine, k kidney, Ip labial palp, inf muscle 
fibres of foot, pa posterior adductor muscle, pg pedal ganglion, pig pleural part 
of cerebro-pleural ganglion, pr posterior retractor muscle of foot, vg visceral 
ganglion. 

Text-fig. 40. Transverse section through prodissoconch-larva in Stage 1, showing (>edal 
ganglia and myocytes in foot. 

Text-fig. 41. Transverse section through prodissoconch-larva in Stage 111, showing 
muscles of foot. 

Text. fig. 42. Transverse section through prodissoconch-larva in Stage II, showing 
myocytes of anterior adductor muscle and rudimeifts of labial palps. 

'I'exl-fig. 43. Transverse section through prodissoconch-larva in Stage H, showing 
myocytes of posterior adductor muscle, visceral ganglia, and rudimentary gills. 

Ir.xt-fig. 44. Horizontal section through prodissoconch-larva in Stage III, showing 
posterior adductor muscle and posterior retractor muscles of foot. 

Text-fig. 45. Transverse section- through prodissoconch-larva in Stage II, showing 
myocytes of anterior foot retractor muscle and pleural part of cerebro-pleural 
ganglion. 

Text -fig. 46. Horizontal section through prodissoconch-larva at end of Stage III, 
showing posterior foot retractor muscle and visceral ganglion. 

Text-fig. 47. 'IVansverse section through prodissoconch-Uurva at beginning of Stage 
II, showing origination of levator branehianim muscle. 

Text-fig, 48. Transverse section through prodissoeogch-larva at end of Stage III. 
showing levator branchiarum muscle. 
















PRODISSOCONCH-LAUVA OF SPHAEUIUM JAPONICUM 


453 


adductor and diverges into the foot, after passing through the posterior 
side of the kidney, and converging once at the inside of the respective 
visceral ganglion (Text-figs. 18, 34 a, 44 & 46). 

The Pdllial Muscles. In the third stage of the larva, a number of 
slender muscles, which are, as a whole, called the pallial muscles, are 
found regularly distributed in the whole length of the marginal portion of 
the mantles. These muscles are derived from the mesenchymal elements 
situated near the mantle edge in the first and second stages, and are 
specified into two groups. One is that of the longitudinal muscle fibres 
running parallel to the mantle edge (Text-fig. 5 b). The other is that of 
the transverse muscles, which arise from the upper, outer side of the 
pallial portion and run obliquely towards the mantle edge, and which 
form the outer and inner sets (Text-fig. 5 b). The outer set reaches the 
depression of the epidermal gland, and the inner set the longitudinal 

Text-fiMs. 49 and 52-67 are photograph^ from specimens stained following Mallory's 
connective tissue staining metheV and Text-figs. 50 and 51 from specimens 
stained with Heidenhain's haematoxylin. X300. a auricle of heart, at anterior 
retractor muscle of foot, hr branchial lobe of visceral ganglion, hv blood vessel. 
eg cerebral part of cerebro-pleural ganglion, cl cloacal chamber, dv digestive 
diverticulum, ep epidermal gland, en exhalant siphon, g gill, gc germ cells, go 
gonad, h heart, in intestine, k kidney, Ip labial palp, ok outer orifice of kidney, 
os osphradium, p pericardial cavity, pk urino-pericardial opening, pm pallial 
muscle, am muscle of siphon, v ventricle of heart, vg visceral ganglion. 

Text-fig. 49. Transverse section through prodissoconch-larva at end of Stage III, 

. showing anterior retractor muscle of foot, labial palp and cerebro-pleural 
ganglion. 

Text-fig. 50. Horizontal section through prodissoconch-larva at end of Stage III, 
showing epidermal gland, pallial muscle and blood vessel. 

Text-fig, 51. Transverse section through prodissoconch-larx'a in Stage III, showing 
osphradia and muscle of siphon. 

Text-fig. 52. Horizontal section through prodissoconch-larva in Stage II, showing heart 
and pericardium. 

Text-fig. 53. Sagittal aection through prodissoconch-larva in Stage II, showing heart, 
pericardium, and urino-pericardial opening of kidney. 

Text-fig. 54. Transverse section through prodissoconch-larva in Stage III, showing 
ventricle and auricles of heart. 

Text-fig. 55. Transverse section through prodissoconch-larva in Stage II, showing ex- 
ternal orifice of kidney and branchial lobe of visceral ganglion. 

Text-fig. 56. Transverse section through prodissoconch-larva in Stage 11, sliowing 
primordial germ cells. 

Text-fig. 57. Horhoiiur section through prodi8soconch4arva in Stage III, showing 
oell«mgltiplicatlon in gonad. 
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muscles at the mantle edge (Text>fig. 50). 

The Muscles of the Siphons. As already stated, the siphons are formed 
by a union of both mantle edges at the end of the third stage the 
larva. Consequently, the muscular wall of the siphonal tubes is merdy a 
modification of longitudinal pallial muscles. Besides this muscular tissue, 
in the siphonal tubes, another set of muscle strands are mariced at both 
lateral walls of the cloaca, arising at the outer side of the mantle beneath 
the posterior adductor and passing obliquely into the base of the siphons 
(Text-fig. 51). These muscle strands on either side of the siphons are, 
also, merely modifications of the transverse pallia! muscles at the posterior 
end of the mantle. 

7%e Levator Branehiarum Muscles. After the larva reaches the second 
stage, a set of slender muscle strands is found at the anterior side of die 
pericardium, suspending the gill to the dorsal body wall near the ligament 
of the shell (Text-figs. 47 & 48). These muscle strands are so slender 
and short, that many investigators N|e failed to notice them, and they 
may be called the ‘levator branehiarum muscles.’ 

5. Circulatory System 

The Heart and the Pericardium. In the final stage of the fetal larva, 
the origin of the heart and pericardium was indicated by some cdls, which 
were members of the teloblastic cell-masses on both sides of the body 
near its posterior end. In the first stage of die prodissoconch-larva, these 
cells acquire a spindle shape and are resorranged, for the first time, sur- 
rounding a distinct cavity on either side of the intestine (PI. XXXVI, 
Figs. 8 c, 9 & 10). The outer wdl of this cayity forms the future peri- 
cardium and the inner waU the future ventricle of the heart, the cavity 
itself being the rudimentaiy pericardial cavity. 

The process of dm formation of the heart and pericardium finishes, 
seemingly, in a very short time. In reality, in the second stage, when 
the larva attains 0.4 mm. in length, the rudimentary heart, with rudimentary 
auricles and pericardium, is already visible (Text-figs. 28, 52 &, 58). The 
process the formation of the heart and pericardial cavity may, thus, be 
exi^ined as follows: At first, on mdier side of the intestine, the outer 
(pericardial) and the inner (ventricular) waUs approach each other, and 
form a bridge, perpendicular to die axis of the heut rudiment, at the 
level of the middle ‘ circumference ’ ^ the ru^fimentary pericardial cavity. 
By this bridge, the upper and low«r divisions of the cavity are estabihlied. 
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These divisions communicate with each other in the spaces anterior and 
posteriOT to the bridge. In the immediately succeeding stage, on both 
sides of the intestine, the ventral ends of the lower divisions of the rudi- 
mentary pericardial cavities become first united with each other on the 
ventral side of the intestine, and then the dorsal ends of the upper divi- 
sions become united on the dorsal side of the intestine. 

At the end of the second stage of the larva, the completion of the 
pericardial cavity, mentioned above, results in the formation of the rudi- 



Text-fig. 58. Sections through early prodis 80 conch-larva» showing structure of heart 
and pericardium. x350. (A) horixontal section of larva in Stage I, about 0.3 mm. 

long, (B) transverse section of larva in Stage II, about 0.45 mm. long, a auricle of 
heart, op anterior half of pericardial cavity, gi gill, go gonad, m intestine, k kidney, 
Ip lower half of pericardial cavity, m mantle, pp posterior half of pericardial cavity, 
up upper half of pericardial cavity, v ventricle of heart. 


mentary heart. The inner wall of this cavity surrounds the intestine, with 
one break at the portion of the bridge on either side of it. A number 
of mesenchymal celb are found in a narrow space between this inner wall 
and die intestine. This narrow space grows in the course of time, and 
inner wall of the pericardial cavity forms a chamber round the intestine. 
Both lateral bridges are -differentiated into the lateral passages of this 
ohain^r, die practiedDy completed 1ieart being thus formed (Text-fig. 58). 
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The pericardium at this point becomes a thin cell-layer surrounding the 
large, practically completed, pericardial cavity of a nearly inverted conical 
shape, in which the heart is suspended. Elach of the kidneys is open oti 
either side of the narrower postero-ventral end of the conical cavity (Text- 
fig. 53). 

In the third stage, the walls of the heart chamber surrounding the 
intestine thicken and become somewhat muscular, while the walls of both 
lateral passages are composed of thin, non-muscular elements. The ventricle 
of the adult heart is shown by this chamber, and the auricles by both 
lateral passages (Text-fig. 54). 

The Blood Vessels. In the third stage of the larva, the main blood 
vessels and sinuses are observed. Two large vascular trunks, an anterior 
and a posterior artery, arise, respectively, at the anterior and the posterior 
end of the ventricle. The anterior artery, starting at the dorsal side of 
the intestine, runs anteriorly along the median dorsal line of the visceral 
sac, and branches into several small arteries, lying distributed in the 
anterior half of the visceral sac, in the anterior half of the mantle, and 
in the foot region. The posterior artery, starting on the ventral side of 
the intestine, runs posteriorly towards the posterior side of the kidneys, 
and divides into the right and left branches, each branch extending to 
the posterior half of the respective mantle. The walls of these blood 
vessels consist of a single layer of flattened cells (Text-figs. 35 & .50), 
being embedded in scattered mesodermal elements. Each auricle extends 
ventro-laterally below the respective kidney, and is continuous with the 
blood sinus of the respective gill. 

In the present investigation, the vascular system has not been further 
minutely traced. In a live specimen in th^ third stage, the pulsation of 
the heart and circulation of the blood are dimly observed through the 
prodissoconch. 

The Blood Corpuscles. The blood corpuscles already are found at the 
end of the third stage of the prodissoconch-larva. They are probably 
differentiated from the mesenchymal cells, but the present writer cannot 
speak positively regarding their origin. 

6. Excretory System 

The ProUmepkridia. In the final stage of the fetal larva, the proto- 
nephridium was fouttd on either side of the antmrior portkm of the body 
(Okaoa 19%). This is a vestigial organ differentiated only in the fetal 
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larva and it becomes degenerated in the beginning stage of the prodisso* 
oondi>larva. This kind of organ is never found in the later stages. Thus, 
ihe proton^hridium is merely a larval excretory organ which is functional 
before the completion of (he true excretory organ (PI. XXXVI, Fig. 8 a). 

7%e Excretory Organs. Each of the paired definite excretory organs 
is called the kidney. This organ is originally composed of a number of 
cells of the teloblastic cell-mass at the respective side of the body. At 
the beginning of the first stage of the prodissoconch-larva, the rudimentary 
kidney is first indicated as a cell-mass, lying at the postero-ventral side of 
die respective rudimentary pericardial cavity. This cell-mass acquires a 


(A) 


(B) 



Toxt^iig. 59. Reconstiiictivti schenui of kidney in early prodissoconch-larva. x 300. 
(A) horizontal section of larva, about 0.35 mm. long, (B) left kidney of larva, about 
0.6 mm. long, as seen from anterior A anterior, D dorsal, L left, P posterior, H right, 
V ventral; eo external orifice of kidney, gi gill, go gonad, in intestine, k kidney, m 
tnantie, p pericardial cavity, up urino^pericardial opening, vg visceral ganglion. 


tabular arrangement in conformity with the formation of the rudimentary 
heart md pericardium. The proximal end of this tubule is continuous to 
the respective postero-ventral side of the pericardial cavity. This junction 
r^iresmts the urino-pericardial opening. Therefrom, the nephridial tubule 
wlvances in a postero-dorsal direction and reaches the respective lateral 
ude of the posterior portion of the intestine. At diis point, the tubular 
organs is bent down and undergoes convolutions (Text-fig. 59), and then 


458 


K. OKADA 


runs to the anterior side of the respective visceral ganglion, just inside it 
(Text-fig. 55). 

Thus, each of the early kidneys is a convoluted, tubular duct lined by 
a single layer of cubical cells. In fixed specimens, a number of long cilia 
are found only at the proximal end of the kidney, or the urino-pericardial 
duct, but no cilia are observed covering all the other parts. The lumen 
of the kidney is somewhat narrow near the urino-pericardial duct and near 
the external orifice. It is most spacious in the convoluted portion, especially 
in the final convolution to the external opening (Text-fig. 59). The con- 
volutions of the kidney become more advanced and complete in the third 
stage of the prodissoconch-larva. 

7. Reproductive System 

Primordial germ cells on either side of the later fetal larva, lying on 
the antero-ventral side of the respective teloblastic cell-mass, pass through 
a period of inactivity for a short time, until the formation of the gonad 
begins to occur. Because, no change in the number and appearance of 
the primordial germ cells themselves are observed in the first stage of the 
prodissoconch-larva (PI. XXXVI, Figs. 8c & 9, & PI, XXXVIl. Fig. 
lie). 

When the larva reaches the second stage, the primordial germ cells, 
forming a mass on either side of the body, come to lie at the region 
antero-ventral to the pericardium, and begin to increase in number. This 
mass of primordial germ cells meets one of the opposite side at its 
median surface. Such a definite position of the germ cells is determined, 
by the developmental changes of the visceral mc, which occur with the 
formation of the gill and with the differentiation of the teloblastic cell- 
masses (PI. XXXVIl, Fig. 12 d, & Text-figs. 28, 56 & 58). After the forma- 
tion of the rudimentary kidneys, heart, and pericardium are finished, the 
germ cells begin to separate from the pericardial lining, with which they 
have hitherto grown together, and form a pair of masses of the gonad. 
Each gonad is a solid mass surrounded by the so-called perilpneal cells, 
which are the modified mesenchymal elements, and presents a kidnQr-shape. 
Following the gonad formation, the germ cells increase in number, and 
there mitotic figures are often seen (Text-fig. 57). Thus, the gonad itself 
increases in size and becomes elongated antero<dorsally. 

At the end of the third stage of the larva, the next devdopments 
occurring in- relation to the gonad are the separation of Ae male and 
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female regions and the formation of the external duct. Each initial gonad, 
elongated antero-dorsally, lies near the posterior lobe of the respective 
digestive diverticulum and with the posterior wider portion has a club- 
shaped outline. The narrower antero-lateral portion continues to extend 
and grows to form the lobe of the male region. This separation of the 
male region is predominant in the left gonad, perhaps owing to less 
resistance to the growth, which is affected by the dislocation of the intestine 
to the right side of the body n''ext-fig. 60). In the wider postero-ventral 



Text-fig. 60. Horizontal section of prodissoconch-larva at end of Stage lit, al>out 
1.5 mm. long. X360. A anterior, L left, P posterior, R right; c central cavity of 
female region of gonad, d external duct of gonad, f female region of gonad, in in- 
testine, m male region of gonad. 


portion, the germ cells are rearranged in a single layer surrounding a 
cavity in the centre. TTiese elements grow so as to develop the oogonia. 
The male cells constituting the antero-lateral portion of the gonad are 
smaller, each containing a spherical nucleus. Chromatin strands in a 
nucleus of the male cdl compose a reticular structure furnished with 
small nucleoli. On tlie other hand, the female cells constituting the pos- 
terior portion of the gonad are larger, aach having a large spherical 
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nucleus, which contains a distinct nudedus and a few peripheral chromatins. 

The peritoneal lining is thidker at the outer and thinner at the inner 
side of each gonad. At the postero>ventral end of the gonad, this perito* 
neal lining extends in a postero-ventral direction, and forms a narrow 
tubule. This tubule is continuous to the central cavity of the gonad. The 
first indication of the external duct of the gonad is formed by this process. 
The establishment of the external orifice seems to occur after the larvae 
are extruded from the mother.'" 

REMARKS ON POST-LARVAL DEVELOPMENT, IN COMPARISON 
WITH LAMELLIBRANCHIA IN GENERAL 

The larval form in most marine Lamellibranchia is usually the well 
known ‘veliger.’ In the progress of development, this veliger is meta- 
morphosed into the initial form of bivalve called ‘ post-larva,’ owing to 
the degeneration of the velum and the related larval organs. The changes 
in the form and structure in the veliger and post-larval stages of marine 
bivalves have been investigated in detail in the case of the following 
species: Ostrea virginiana (Brooks 1880), Oatrea edtdis (Horst 1882), 
Entovalva mirabilis (Voeltzkow 1892), Dreuaetuia polymorpha (Meisen- 
HEiMER 1901 a\ Pecien tenuicostatus (Drew 1906), Xylotrya gouldi, Teredo 
navalis, and Teredo dUataia (Sigerfoos 1908), and several other species 
(Loven 1884, Miyazaki 1935 & 1936). 

The typical ‘ veliger ’ does not, however, appear in the larval stage of 
a few marine Lamellibranchia. In the Protobranchia, the development of 
Nttcula proximo and Yoldia limattda passes through a stage, of modified 
trochophore, which the term veliger may not be applied because of the 
incomplete velum (Drew 1899), and die development of Micu/a delphino- 
donta is almost direct, because its larval form is a degenerated trochophore 
with feeble cilia on the whole surface of the body (Drew 1901). A few 
species of the marine Eulamellibranchia, also seem to pass through no 
typical veliger stage in their development. 

The development of the freshwater bivalves is marked in dieir larval 
stage by a modification or a degeneration of the veliger. According to 
Miyazaki (1936), die larval form of Corhiada seems to be a degenerated 
veliger with a feeble velum, and its metamorphosis into the post-larva is 
less distinct than that in die case of the marine type. In the Unionidae, 
the first half of the development occurs in the gfll of the mother, and 
die latter half is carried on apart from die modier. The larval form 
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this mussel represents a specially degenerated trochophore without any 
signs of vdiger, and soon undergoes a metamorphosis into a glochidium 
with a larval shell. After extrusion from the mother, the glochidia are 
propagated by fish, as external parasites, and are then transferred gradually 
to an adult form of bivalve. Such a development of the Unionidae 
has been definitely reported as occurring in several species : for example, 
Unio sp. (Lilub 1895), Anodonta piscinalis, Margaritana margaritifem, 
Unto pictorum, and Unto tumidus (Harms 1908), and Anodonta cellensis 
(Herbbrs 1914). 

In the Sphaeriidae, the development is highly modified from that of 
the marine type. Ziegler (1885) has described the outline of such a 
development in Cyclas cornea. In the previous (Okada 1935 c & 1936) 
as well as in this paper, the present writer has noted four developmental 
stages of Sphaerium japontcum, viz. blastula, gastrula, fetal larva, and 
prodissoconch-larva. As already stated, the fetal larva of the species under 
investigation is a highly degenerated veliger without a velum. The 
prodissoconch-larva under discussion corresponds to the post-larva of the 
general marine Lamellibranchia. Moreover, in this case, the so-called 
metamorphosis from veliger into post-larva cannot be found, and the 
developmental changes of the external outline are continuous, occurring 
gradually. Thus, the direct development from the fetal larva to the 
prodissoconch-larva, which goes on without distinct metamorphosis in the 
present writer’s species, is conspicuous and characteristic, in comparison 
with the development of the other Lamellibranchia. The degeneration in 
the veliger form seems to be caused by the non-occurrence of the free- 
swimming larval stage. The non-occurrence of this stage is connected 
with the viviparous develppment. Therefore, the fact that the larval types 
of the freshwater bivalves are modified from those of the marine bivalves, 
appears to be correlated with the difference in the character of their 
development. 

The aspects of the development of the prodissoconch-larva of the species 
under investigation are, also, fundamentally in agreement with those of 
the Lamellibranchia in general, although the above-mentimied speciality, 
caused by Uie different type of development, definitely modifies them to 
some extent. 

In' the present writer’s previous paper (Okada 1936), he reported the 
cktiQ’ed formation of the shell gland in his species in comparison vyith the 
formation in the case of Lamellibranchia in general, su^ as Unio reported 
by LilLib (1695) and Dreuaefisia hy Meisbnhbimsr (1901 a), etc. Accord- 
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ingly, in the earliest stage of the prodissoconch'larva, the conch is very 
small and the’ foot very large in size relatively to the whole body. In 
the later stage, the whole body including the foot becomes first enveloped 
by the mantle and shell. While, in the case of the so-called post-larva 
in the Lamellibranchia in general, the larval body is already included 
within the mantle and shell from ics earliest stage. 

The gill of the Lamellibranchia is one of the most important organs 
from the phylogenetic point of view. Its development, therefore, has been 
studied by many investigators in the case of various species (Mitsukuri 
1881, Rice 1897 & 1908, Nomura 1922, etc.). In the Sphaeriidae, 
the development of the gill attracts attention not only from the phylo- 
genetic stand-point, but also from the peculiar character of the breeding 
habits. Wasserlos (1911) has reported, on Cyclas cornea, the detailed 
observations of development concerning the gill and related organs. In 
the present investigation the writer has not specially observed the develop- 
ment of the gill in the prodissoconch-larva of Sphaerium japonicum. 

The organogenesis of the nervous system, digestive system, definite 
muscles, circulatory system, excretory system and of reproductive system 
of the present writer’s species, is also generally in good agreement with 
that in many preceding reports on various species, viz. Cyclas by 2^egler 
(1885), Dreissensia by Meisenheimer (1901a), Pecten by Drew (1906), 
Teredo by Sigerfoos (1908) and Anodonta by Herbers (1914), etc. The 
inner structure at the end of the third stage of the prodissoconch-larva of 
the species under investigation indicates nearly the same organization, as 
that of the adult specimen of Sphaerium notatum reported by Monk 
(1928). 

In conclusion, the present investigation will elucidate the later develop- 
ment of the Sphaeriidae and contribute to that of the Lamellibranchia in 
general. 


SUMMARY 

1) The results of the observation of the later development of Sphae- 
rium japonicum biwaense Mori are reported in this paper. 

2) In this species, the larva, during the period, after the fetal larval 
stage till the delivery, is still reared in Uie gill of the mother, but is 
movable and has a prodissoconch, and consequently, is named the pro- 
dissoconch-larva. 

3) In the external shape the transition is gradual* and, therefore, its 
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development is divided into three stages, mainly according to size, i.e. 
the first stage 0.25-0.3 mm., the second stage 0.3-0.5mm. and the third 
stage more than 0.5 mm. in antero-posterior length. 

4) In the first stage of this larva, the mantles, the gills, the otocysts, 
the heart, the pericardium, and the kidneys begin to form. 

5) In the second stage, the mantles and the shell gland extend, and 
the shell-ligament, the labial palps, the crystalline style, the gonads and 
the definite muscles begin to form. 

6) In the third stage, the siphons, the mucous glands and the osphradia 
begin to form. The byssus appears at the beginning, and disappears at 
the end of this stage. 

7) The gonads, the osphradia and the gills are not yet sufficiently 
differentiated in the final stage of the prodissoconch-larva. 

8) The byssal gland is fully developed in the final stage of the larva 
and degenerates slowly after delivery from the mother. 

9) Sphaerium japonicum biwaense develops directly without any meta- 
morphosis, differing in this respect from the development of the marine 
Lamellibranchia in general and of the Unionidae. 

10) The delivery of the prodissoconch-larva from the mother occurs 

at later stages, the larva measuring mm. in antero-posterior length. 
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EXPLANATION OF PLATE XXXV 

Fig. 1. Right side view of prodissoconchdarva in Stage I, about 0.25 mm. in length. 

Photo, from specimen stained with boraxcarmine. Xl50. 

Fig. 2. Right side view of larva in Stage 11, about 0.35 mm. in length. Photo, from 
specimen stained with boraxcarmine. Xl50. 

Fig. 3. Right side view of larva in Stage III, about 0.5 mm. in length. Photo, from 
narcotized specimen. x20. 

Fig. 4. Right side view of larva in Stage III, about 0.7 mm. in length. Photo, from 
hxed specimen. x20. 

Fig. 5. Right side view of larva in Stage III, about 1 mm. in length. Photo, from 
narcotized 8p€K:imen. x20. 

Fig. 6. Right side view of larva in Stage III, about 1.2 mm. in length. Photo, from 
fixed specimen. x20. 

Fig. 7. I^eft side view of larva in Stage III, about 0.9 mm. in length. Photo, from 
specimen stained with boraxcarmine. Xl50. 

EXPLANATION OF PLATE XXXVl 

Fig. 8. Three transverse sections of prodissoconchdarva at Stage I. x300. 

(a) through digestive diverticula and otocysts, 

(b) through stomach and pedal ganglia, 

(c) through primordial germ cells and byssal gland. 

Fig. 9. Horizontal section of larva at Stage I, through cerebro-pleural ganglia and 
primordial germ cells. x300. 

Fig. 10. Median sagittal section of larva at Stage I. x300. 

EXPLANATION OF PLATE XXXVII 

Fig. 11, Six transverse sections of prodissoconch-larva at Stage II, about 0.3 mm. in 
length. X 300. 

(a) through foremost portion of body, 

(b) through cerebral commissure, 

(c) through digestive diverticula, otocysts, and pedal ganglia, 

(d) through stomach and byssal gland, 

(e) through gonads and orifice of byssal invagination, 

(f) through posterior portion of body. 

EXPLANATION OF PLATE XXXVIII 

Fig. 12. Five transverse sections prodissoconch-larva at Stage 11, about 0.4 mm. in 
length. xteO. 

(a) through mnrebro-pleural ganglia and rudimentary labial palps. 
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(b) through digestive diverticula, otocysts, and pedal ganglia, 

(c) through stomach and pedal ganglia 

(d) through gonads and orifice of byssal invagination, 

(e) through visceral ganglia and hindermost portion of gills. 

ABBREVIATIONS IN PLATES XXXV-XXXVIII 


aa anterior adductor muscle 
bi byssal invagination 
bl levator branchiarum muscle 
by byssus 

cc cerebral commissure 
eg cerebral part of cerebro<pleural gan- 
glion 

cpg cerebro-pleural ganglion 
dp digestive diverticulum 
ep epidermis of idiell 
epg epidermal gland 
f foot 
g gill 

gc germ cells 
h heart 
tn intestine 


k kidney 

I ligament of shell 

tkp lower half of pericardiol cavity 

Ip labial palp 

m mantle 

oe oesophagus 

at otocyst 

p pericardial cavity 
pg pedal ganglion 

pig pleural part of cerebro-pleural gan- 
glion 

pn protonephridium 
Bt stomach 

uhp upt>er half of pericardial cavity 
vg visceral ganglion 



Sti Kcp , Tohoku Imp Univ Ser. IV, Vol. Xll, PI. XXXV 




















SEXUAUTY OF RELATIVE GROWTH IN THE FRESH WATER 
MUSSEL, INVERSIDENS JAPONENSIS (LEA) 

By 

Ikitso Hamm 

Biological Institute, T^hoku imperial University, Sendai 
(With two figures) 

(Received September 14, 1937) 

Sexual dimorphism of bivalve shells is found merely in a few species. 
Among the species of the families, Unionidae and Carditidae, there are 
some particular genera, e. g. Trundlla, Thecalia and Milneria, having 
remarkable sexual characteristics (Haas, 1929-1931 Differences in the 
course of the growth of both sexes have been found in some fresh-water 
mussels (Chamberlmn, 1930)'-^ Weymouth and McMiixin (1930)® have 
described sexual differences in the growth curve of Siliqua patula. They 
have, howjiyer, doubted the significance of the sexual differences because 
of their inadequate collection of the specimens for this study. The fresh- 
water mussel, Inversidens japonensis, has no very remarkable characteristics 
of sexual dimorphism, but from the point of view of relative growth, it 
has been found that the growth gradients of the two sexes of this species 
differ in quantity, respectively. This fact will be explained in the follow- 
ing pages.' 

Before proceeding further, the writer wishes to express his sincere 
thanks to Prof. E. Nomuba for his kind guidance, and also to Mr. Sm- 
HEI Nomura for the identification of the specimens of the species. 

MATERIAL AND METHOD 

The materials were collected on May 5, 1936, in an irrigation channel 
at Masuda near Sendai, where there is always running water, the soil, at 
the depth in which the mussel lives, is muddy and red, and water-plants 

Haas, F. 1929-1931. Bivalvio. 17.3-178. Bronn» Klan. u. Ord. d. Tierreichs. III. Abt. 
Iwsipzig. 

Cbambbbiain, T. K. 1930. Annual Growth of Fresh-water Mussels. Bull. Bur. Fish. 
46, 718-789. 

*> WsmoUTH, F. W.' and McMuxm, H. C. 1930. Relative Growth and Mortality of the 
Padfic Refor Cteia ptOula Dixon) and their Bearing on the Conunercial Fishery. 

Bull Bur. Fidt. 46, 543-667. 
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grow thick. In the stream in which the material species, Itwersidens 
japonensis grows, the other mussel, Anodonta ptpomca Clessin was dso 
found, but fewer in number than the former. The mussels were found 
between the roots of water-plants. 212 specimens were obtained, all of 
which were sexually mature,.!, e. the ripe ova and the active spermatozoa 
were microscopically observed in every specimen. Among them 110 were 
males and the rest, 102, woe females. 


The same method of measurements, as described in the present writer’s 
previous paper (1936)^ on the relative growth of the hivalves, CpdirUt 
Gomphina, etc., was applied in this investigation. That is, the distances 
between the umbo (the initial point of shell-deveiopment) and the various 
points in the shell margin, the distances between Ae points next to each 
other, and the length (£), height {H) and depth (P) were measured. The 
dimensional expression in this paper is subject to the notations in Fig. 1. 



■ b c 


Fig. 1. Diagrammatic representation 
of points, where the measurements were 
taken. U the initial point of develop- 
ment, A anterior end, E posterior end, 
D angular end at postero-ventral part, 
F ligamental end, XE length, hh height, 
Ub and ^ are perpendicular to "XE. 
Thick lines show the dimensions mea- 
sured. 


The angles contained between points 
next to each other at the umbo were 
determined by calculation, with the 
following formula, 

sin C— 2 -v/8(s— a)(s— 6)(»— c)/a6 
where a, b, and c are the respective 
sides of a triangle ABC, and 
J(o+h+c). 

Up to the present time, the. allo- 
metrical equation, j/’^bx*, has been 
applied to the study of the. rdative 
growth, wb^re p is a dimension to 
be compered *widi the standard di- 
mension «, a is die equilibrium con^ 
•tant of relative growth and b the 
initial indeX^. Strictly speaking, this 


formula is mereiy an approximation 
reasonable enough to be appli^ to a diort range of s^. But in die 


present case, the application of this formula has been possible to all the 


« Hamai, 1. 1936. ReUtive Growth in Some Bivrives. Sei. Repts. TShoku Imp. Univ. 
BioL 10, 758-766. 

*>This terminology end the . notations ere subject . to Huxtar end Tanaisa. Huxiax, J. 
S. end Tsiaauni, G. Ip36. Temdnology of Retetive iM«t«re, 137, 780-781. 

*> Hamai, 1 . 1987. Some Notes on Reletiye GeWeth. Wm Spaikri Refofwme to. the Growth 
of Limpets. Sci.-Ropta. Tohoku Imp. Univ. BkfL 12, 71-^ 


SEXUALITY IN INVERSIDENS 


469 


sp^mens without serious error. Then, the length of the shell being 
setUed as the standard, die various dimensions have been adopted and 
expressed as y in the formula; Hie growth gradient and other facts have 
been determined by the equilibrium constant calculated in this way with 
regard to every point in the shell margin. 

SEXUALITY IN GROWTH GRADIENT 

The growth gradient in the shell margin is expressed by the distribu- 
tion of the equilibrium constant « in the relative growth of the dimen- 
sions, UA, UB, nC, etc. (Table 1, Fig. 2). The sexuality in connexion 

Table 1. 
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« in the male are greater than those in the female. 

When the three different heights, viz. . H, and FC, are considered, 

a sort of growth gradient can be supposed to exist. But the sexual 


Table 2. 


Dimension 

a 


h 



P.E. 


4- 

UB 

0.911 ± 0.006 

0.936 ± 0.007 

2.8 


0.5739 

H 

0.913 ± 0.006 

0.912 ± 0.007 

0.1 


0.6988 

m 

0.829 ± 0.008 

0.837 ± 0.007 

0.7 

0.6765 

0.6661 


differences in these gradients are insignificant, and they slope from the 
anterior to the posterior part in both sexes (Table 2). 


RELATIVE POSITION OF THE POINTS MEASURED 

The relative position among the points in the shell margin is expressed 
by the angle which is contained by them at point 17. The change in this 
angle, according to size or age, is very small, and is, therefore, negligible 
for the study of the growth gradient in the shell margin of this species. 
It is, then, necessary to consider that every point in the shell margin 
grows and develops radially in a straight line from the initial point U. 
Thus, the growth gradients mentioned above become accurate and signi- 
ficant. The angles expressing the relative position of the points are shown 
in Table 3. 


Table 3. 


Angle 

Mean of angle | 

Difference 

t 

■f 

.CAUB 

42^2$^ ± T 

43* 8' ± 11' 

46' ± 18' 

Z.BUC 

42^8' ik r 

«“ S' ± 

8' 

53' ± IV 

Z.CUD 

18'12' ± S' 

13* S' ± 

r 

4' ± IV 

ZJHJE 

iZ>W * S' 

12*22' ± 

5' 

3' ± 7' 

Z£UP 

22”40' ± V 

22*39' ± 

8' 

1' ± \V 


The sexual differences indicated by these anglBs are generally insigni- 
ficant, and the angles are probably equal in ^ two Z.AJISB 

and Z-BUC seam to be slightly different according to the siM. however, 
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it is merely assumed that the relative position of point B, and accordingly 
tin relative position of UB, is different, because the sum of these angles 
is probably equal in both sexes, and the relative position of this point 
lies more anteriorly in the male than that in the female. This fact may 
be correlated with the reversal of the values of « between the two sexes, 
a point between B and C being a point of equal value : the values of 
the male are smaller in the anterior part, and greater in the posterior 
part, than those of the female. 


DISCUS.S10N 

Grier {vide Haas*’) has studied the sexual dimorphism and found the 
following results : In several species, the shells of males are found higher 
and deeper than those of females, and the former are, therefore, relatively 
shorter than the latter. In other species the reverse is found. Males of 
some species are relatively larger in the posterior part of the shell than 
in the anterior part. In these species, as found by Grier, the posterior 

Table 4. 


Specues 

Antefior end 

Posterior end 


t 

4- 

Anodonta grandU 

0.406 

0.387 

Symphynota costata 

0.370 

0.344 

Fusconaja /lava 

0.306 

0.299 

Pleurobema coccineum obliyuum 

0.275 

0.184 

Ambletna plicata 

o.m 

0.246 

EUip/Ho diUUatua 

0.255 

0.273 

Eurynia recta 

j 0.259 

0.288 

Anodontoidee ferussacianus 

0.329 

0,401 

LampeUis luteola 

0.354 

0.360 

Partiptera fragilis 

0.362 

1 0.365 

Proptero aiaia 

0.412 

0.461 

LampHtis ovata venirioasa 

0.421 

0.451 


part the hinge was better developed in the male, and the anterior part 
in the female. Prom the table summarized by Haas'\ the ratios between 
die anterior and the postoior end are given (Table 4). It is found that 


» ham, T. 1W9-1981. ioe. eU, p. 178. 
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the devdopment. of the aaterior or postiaror part of die sheUs yavies in 
different degrees. Table 4 shows the rtatisticai results, but these iSsamt 
be recognized durnig die whole process of growth, for the ^growdi is in 
general allometrical. 

Hayashi (1935)^^ has observed that in ^nodbnto tooodiana die index 
D/H.L decreases hyperbolically with the increase of lengdi, and that it is 
always largar in the female than in the male. For the study of the fom 
of shdls, such a dynamical test is necessarily important rather than die 
values as shown in Table 4. From this point of view, the degree of 
development is given by the equilibrium constant, which is the ratio of 
the specific growth rates of the two parts in question. The relation of 
the anterior part (fJS) to the posterior {JJE) in the Invemdena'japonensis 
is as follows: 

asrO.864 in male; a=0.916 in female 
i. e. in the female the antmor part develops more than in the male. But 
die depth shows probably no sexual difference, as a:B:0.89] ±0.010 in the 
male and =0.916±0.009 in the female. 

As it has been shown by Chamberlain*’ diat the growth process is 
different in the male and female of Lampsilis anodorUpidea, and the dif- 
ferences are corrdated with the changes in the contour of ^^e shdl 
accompanying sexual maturity, in the case of Inveraidena japonenaia also 
the same conclusion is drawn from' the differences in the growth gradients 
in the two sexes, viz. every part of the shell margin, especially the pos- 
terior margin, shows different specific rates of growth, and therefore, the 
contour of the shell of die two sexes changes owing to the dffierent 
modes of growth. In general, the sexuality of bivalves should be established 
in the process of growth. 

The present writer*’ has previously shown, by comparii^ die rates of 
the anterior and posteriw ends, that there are two types of shdl-growth, 
one of which has a higher rate of relative growth in the anterior end, 
viz. Cyclina ainenaia, and the other in the posterior end via. Qomfddm 
melanaegis. Inveraidena japonenaia is found to belc^ to the Utter type 
from its gradient of relative growth in the sfadl margin, by whidi ^ 
sexuality is disclosed in detail. The sexqal differences in the gradient in 
the posterior part, from points D to F, may augftost an interi^ng im- 
plication, i.e. because in this part the tiphons (gien, die proUem may 

*> CEAMBUlLAtN, T. K. 19S0. Jbc. cft. ' . .'J . 

OHamai. 1.1986. toe. Cjt. . , 

n Hayashi, K.»1935. Oh the Convesifr of die Stoff d AseabsM, VMMvSy>tS^ 
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dise as tp whether a correlation between the growth of the shell margin 
and the morphological and functional changes of siphons and of other 
organs in this region exists, and, consequently, whether there is any actual 
Mxuality in die siphons and the other organs or not. 

CONCLUSIONS 

From the point of view of relative growth, the sexuality of Invmideru 
Japoneruis has been studied, and the following conclusions have been 
arrived at 

1) The growth gradient which slopes from posterior to anterior in the 
shell margin is steeper in the male (1.088-0.885) than in the female 
(1.031-0.913). 

2) In the posterior part of the shell, die values of the equilibrium 
constant are higher in the former than in the latter. 




ENTWICKLUNG DER FORTPFLANZUNGSORGANE UNO 
KElMUKGSGESCHICHTE VON DESMARESTIA 
VIRIDIS (Mt)LL.) LAMOUR'> 

Von 

KdcoRo Abe 

Bialogii^s Inttitut det Kaiserlichen T^hoku UnweraitdU Sendai 
(Mit Tafel XXXIX und seclis Textiiguren) 

(Eingegangen am 141 Oktober 1937) 

t^ber die Lebensgeschichte von Desmarestia aculeata (L.) Lamour. 
macfate Schreiber 1932 eine auffallende Mitteilung. Nach ihm zeigt diese 
Braunalge ebien regeimassigen Generatipnswechsel zwischen einer zwerg- 
haften geschlechtlichen und einer stattlichen ungeschlechtlichen Generation, 
wie bei den Familien Lamtnariaceen und Chordaceen. £r fiibrte seine 
Beobachtung aiif in Kultur befindiichen Pflanzchen aus. Die in unilokularen 
Sporangien gebildeten Schwurmer keimten ungeschlechtlich und wuchsen 
zu monosiphoijgn mannlichen oder weiblichen Gametophyten aus. Auch 
die Zygotenkeimung und Weiterentwicklung bis zur jungen Sporophyten- 
pflanze wurden von ihm ausfiihrlich verfoigt Um diese merkwiirdige 
Tatsache noch bei anderen Spezies dieser Familie festzustellen, weilte ich 
im Frtihling letzten Jahres etwa zwei Monate in der biologischen Station 
zu Asamushi. Als Material fiir die Untersuchung wahite ich DesmaresHa 
viridis (Mull.) Lamour. In dieser Gegend findet man diese Alge nicht 
selten. £s war aber nicht so leicht, Fortpflanzungsorgane tragende Pflanzen 
zu linden. Nach langerer erfolgloser Miihe gelang es mir doch erst am 
18 April und nachher noch einige Male eine Anzahl der voll ausgereiften 
Pllanzen zu gewinnen. Mit diesen Materialien habe ich einige vorlaulige 
Untersuchungen gemacht. Im Winter dieses Jahres begab ich mich wieder 
nach Asamushi. Mitte Marz konnte ich zum ersten Male ein lang ge- 
sudites, unreife Fortpflanzungsorgane tragendes Individuum gewinnen. 
Diese Pflanze liderte mir ein fast geniigendes Material fiir die Unter- 
suchung liber die meiotischen Teilungen im Sporangium. 

Uber die Fortpflanzungsorgane dieser Spezies haben schon frflhio' 
Thurbt und Bornet (Et. Phyc. p. 16, zitiert nach Johnson 1891) kurz 
mitgeteilt. Aber ihre Beschreibung ist ganz unvoUstandig. So mSchte 

ContrUntioa Iran the Marine BMogioel Station, Awnuihi, Aotaorl.Ken, No. 146. 
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ich unten zunachst hieriiber etwas genauer mitteilen. Ks ist schwer auf 
Handschnitten die feinere Struktur dieser Organe zu erkennen. Meine 
diesbeziigliche Beobachtung wurde daher ausschliesslich auf Mikrotom- 
schnitten durchgefiihrt. Das Material wurde mil einer iJisung fixiert, 
welche ich bei der Untersuchung iiber die Mitosen im Antheridium von 
Sargassum confusum (Abe 1933) und den Kernphasenwechsel von Heterth 
chnrdaria ahietina (Abe 193f)) verwandt hatUs Die 9// dick g(ischnittenen 
Faraffinschnitte wurden mil Heidenhains Eisenalaunhamatoxylin gefarbt. 

Im ersten Stadium der Entvvicklung der Fortpflanzungsorgane sieht 
man kleine Hiicker an verschiedenen Stellen des Thallus. Sie entstehen 
durch Teilungen und darauffolgendes Wachstum der Rindenzellen. Dabei 
bleiben aber die oherst liegenden Zellen ganz flach (Textfigg. Sie 



a h 

^Vxt^ig. 2. S(»rus von De^marestin viiifUs, Vctki- 


sind storil und werden spater durch das Wachstum der inneren fertilen 
Zellen gesprengt und vernichtet (Textfig. 1, c). Diese fertilen Zellen reihen 
sich in ein bis mehrercn Schichlen. Die meiolischen Teilungen in diesen 
Zellen vollziehen sich in folgender Weise: 

Taf. XXXIX, Fig. I zeigt den sich im vollstiindigen Ruh<'stadium be- 
findlichen Kern solcher Zellen. Ein Synapsisstadium kann man in Figg. 
3-4 ersehen. Das Spirem- und Diakinesestadium folgen darauf (Figg. 
5-9). Bei solchen Stadien kann man feslstellen, dass die Zahl der 
Chromosomen mit grosser Wahrscheihlichkeit 22 betragt. Die vollstandige 
Metaphase erfoigt nach Aufliisung der Kernmemhran. Fig. 10 gibt 
dasselbe Stadium in Polansicht wieder, wobei sich auch die etwa 22 re- 
duzierten Chromosomen zahlen lassen. In der Seitenansicht der Spindel 
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ist ein zentrosornahnliches Korperchen in jedem Pole sichtbar (Fig. 12). 
In der Telophase beriihren sich die beiden Tochterk(‘rne eng aneinander 
(Fig. 13). Nach kurzer Pause beginnt die homdotype Teilung (Figg. 14 
15). Nach dieser Teiiung entstehen natiirlich vier Kerne (Fig. 16), die 
dann noch weitere simultane Teilungen ausfiihren. Inzwischen vergrdssert 

sich die Zelle allmahlich (Textfig. 
I, c-d), Und am Knde teilt 
sich der iVotoplast in viele 
winzige, mil jc einem Kerne aus- 
gestattete Zellen, welche sich 
spater zu Schwarmer entvvickeln. 
Der aus solchen unilokularen 
Sporangien bestehende Sorus 
sitzt gevviihnlich am Knde oinvs 
kurzen stumpfahniichen Siiels 
(Textfig, 1, c). Textfigg. 2, a h 
zeigen uns das Ansehen von 
diesem Gebilde. Es ist auffallend, 
dass bei den bisher untersuchten 
Spezies von Desmarestia der 
Sorus keine merkliche Erhohuiig 
an der Oberflache des Thallus 
macht. 

So vveit iiber die Entwicklung 
der Fortpflanzungsorgane. Nachsl 
werde ich einiges liber die Kul- 
turversuche mitteilen. Wenn 
man reifes, vorher mit filtriertem 
Meereswasser ausgespiiltes Ma- 
terial in ein grosses (dasgefass 
mit Meereswasser bringt, so be- 
kommt man nach einiger Zeit 
eine Menge von Schwarmern. Sie bewegen sich lebhaft und zeigen gewdhn- 
lich negative Phototaxis. Die Messung der Schwarmer ergab etwa 8-10/^ 
lang und 5-6/^ breit. Die Schwarmer besitzen je ein platten- oder kragen- 
fdrmiges Chromatophor und einen roten Augenfleck. Die beiden Geisseln 
entspringen seitlich in der Mitte des Augenflecks, wie bei den anderen 
Braunalgen (Textfigg. 3, Kopulation zwischen den Schwarmern 

S<'HRKiKKKs Zeichnungen der Sr.hwarmer aehen ctwas anders aus. 



Textfig. .3. D. viridis. .Schwarmer und 
ihre Kopulation. n-d SchwSrmer aus uniloku- 
liireri Sporangien. e-j aufeinanderfolgende 
Sladien d(‘r Kopulation. Vergr. 
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Iconnte ScHlltsiBBR nienads bei seiner Pflanre beobachteti, auch dann nicht, 
als Material von verachiedenen Pflanzen /u den Versuchen verwandt warde. 
Ab<»r bei meiner Spezies verlauft die Kopulation manrhmal rwischen den 
Sdiw&mem desselben Individuums (Textfigg. 3, e-jYK Beispiele der 



Tastfia. 4. Keimlinge der Schwirmer voti D. vMAm. Embryoipore., c-f 1 
Tag itL lt4Z Tagt dt 4 Tege alt. t-n 8-10 Tege eit o-p 15 Tege elt. 9 -t 
WeftSblm GeecjUaditaw^^e lr«aend« Pfllmehen^ Venr. 460. 

^ IHe S A w |w «» uad ibr KnpulatlaMvefienf wiirdea bei dea mit 6naittaMiare*D«in(if 
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Kopulatioii der in anibkulitren Sporuigien gebfldeten Schwiinner worden 
jSngrt- bei-andoren Algen von veracbiedaien Fondiem gefunden/r&idioh : 
Pylaidla litoralis (Knight, 1923), Ectocarpus aiHctdoaus (Knight, 1929. 
ScHussNiG, 1934), Sphaodaria bipinnata (Cunt, 1927), Heterodurdarie 
abietma (Abe, 1935). Kulturversuche da* Schwiirmer and dcr darch 
Kopulation der Schwarmer entstandenen Zygoten geschah auf den 
Objekttragern, gehalten in einem grpssen Glasgefasse, welches fortwiihrend 
ringsum durch das kalte Leitungswasser ge^ii4 wurde. Als NiihrlSsung 
benutzte ich hauptsacblich neuere ScHREiBERscbe Fiiissigkeit (1935), welche 
er bei seinem Kulturversuch von Dictyota diehetoma mit bestem Erfolg 
gebraucht hatte. 

Nach etwa 24 bis 30 Stunden beginnen die Schwknner zu keimen und 
entwickein einen Keimscblauch (Textfigg. 4, a-f). Die Spitze des Keim- 
scblauches nitnmt dann keulenfdrmige Gestalt an (Textfigg. 4, g-fi). Nach 
einigen Tagen erfahrt das Chromatophor eine Zweiteilung und das Ende 
des Scblauches wird durch eine Querwand gegen die Basis abgegrenzt 
(Textfigg. 4, t-k). Die Vermehrungen der Chromatophoren und die 2^1tei- 
lungen folgen dann aufeinandet (Textfiigg. 4, l~p) und fangt die Ausbildung 
da* Geschlechtsorgane an. Eine Zelle des Keimlings schwillt zuerst an 
ihrem hreien Ende keulenformig an und ihr Protoplast tritt dann in einer 
spharischen Form durch eine Offnung an da* Spitze nach aussen. hervor. 
Diese sphiirische Zelle bleibt in der Regel an der Miinduhg dcr leeren 
Hiille. Sie kann als Eizdle betrachtet werdea (Textfigg. 4, q~t). Ausser- 
dem findet man in den Kulturen nicht selten etwas anders aussehende, 
wenigere Chromatophoren besitzende Keimlinge. AUem Ansdiein nach 
mSgen diese die miinidichen Individuen sein. Die Antheridien konnte ich 
aber nicht mit Bestimmtheit konstatieren. l^b^haupt sind dieBildungen 
der Geschledhtsorgane keinesweges an anem bestimmten Entwickluags- 
zustand der Keimlinge gebunden ; denn sie finden sich sowohl an wenig- 
zdligai als audt vieb^igen Keimlingen vor. In weiteren Fortsclnritten 
der Kultur nach etwa einigen Monaten bemelikeB wir die vom Substrat 
mehr oder weniger aufrecht "stehenden mohosiphonen spies^firmigen 
Fadai. Ihre grossen Chromatophoren sind selbst unter sdiwacheTa Ve^ 
grosserung deutlidi eikennbar. Sie diirfte das Anfmigsstadium der Sporo* 
phytengeqerataon sein (Textfig. 5). 

■Die. Kehnung der durch die KopidatioB dar Stthwinner entstandenen 
Zygoten yndSuft ganz wie <Ue ^ SdraSamer (Textfigg. at^). Ihr 
weitaiw Sdhidual konnte nooh nicfat vwlcdgt waeden. 

Degew^tet ' dar UnvoUalXndii^keit des vn^egandeit KtdtnnwragelMe 
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mimmt es mir widirscheinlidi, dass diese Spezies atich wie bei Desnuwestia 
aeul^ata dinen ragdlmmssigen Generationswechsel zwischen einer geschlacht^ 



T^xtfig. 5. D, vifuMs, 
AMukgMtadium der Sporo- 
phytengeiieratioii. Etwa 
63 Ttfe alt Vergr. 190. 



Textfig. 6. D. mndt§, Keimlinge der durch Kopula- 
tion der Schwirmer entstandanen Zygoten. Vergr. 700. 


lichen faaploiden und einer ungeschlechtlichen diploiden Generation auf- 
zdgea darf. 


ZUSAMMENPASSUNG. 

Ber aufl imilDliulSren Sporangien bestebende Some von Deamamiia 
eteidlb macht eine merklicite firhShung an der Oberflacbe des Thalltu. 
Dte a«vei voreraten Kendeilungen im Sporangium aind die Reduktkma- 
tittin4iau, wobad ai<^ die etwa 22 redimierten Quromosomen ziihlen laaseti. 
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Die aus Sporangien hervor tretenden SeliwiiiEiner keinwn ndBtens 
ungeschlechtlich, aber manchmal aucb nach Kopulation. Die K^loiliiigen 
sind sehr ahniich denjentgen von DesmaresHa aadeata. 

In aiteren Kulturen linden wir die spieasfonnigen, ganz anders ausaeben- 
den, vom Subetrat aufrecht stehenden Keinapffiinzchen. — Wahradbemlkdi 
das Anfangsstadium der S^ophyten. 

Meinem hochverehrten Lehrer, Herrn Prof. Dr. M. Tahara, mSchte 
ich an dieser Stelle fiir die reiche Anregung und das freundliche Interesse 
bei Ausfahning dieser Arbeit meinen herzlichsten Dank aussprechen. 
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GLYCOGENOLYSIS IN THE NERVE CELLS AFTER SECTION OF 
THEIR AXONES, WITH REFERENCE TO CHROMATOLYSIS 

By 

Yoshiyuki Toryu 

The Morioka Imperial Gillege of Agriculture and Forestry, Moriokn 
(With Plate XL) 

(Received October 20, 1937) 

INTRODUCTION 

In the previous paper (1937) I reported that the glycogen in the 
nerve cells of the horse is contained in the Nissl’s bodies, and therefore, 
as far as the Nissl staining is possible the glycogen granules of the same 
form and arrangement as the Nissl’s bodies appear. Kimura (1934) also 
reported, though without any decisive evidence, that glycogen is found in 
the Nissl’s bodies pf the ganglion cells of the aves and mammals. On 
the other hand, it has been generally known that the so-called chromatolysis, 
the disappearance of the Nissl’s bodies, wholly or in part, occurs in the 
nerve cells under various pathological conditions, accordingly the changes 
of glycogen granules in such cells as undergoing chromatolysis is of great 
interest. 

In the present investigation 1 have dealt with the morphological changes 
of glycogen granules in the nerve cells after section of their axones, with 
reference to the relation of it to the chromatolysis, as the second step 
of investigation concerning the relation between the glycogen and the 
Nissl’s bodies. 

MATERIALS AND METHODS 

All the materials were taken from guinea pigs, Six healthy adults 
were selected and the neurectomy of the nervous branches arising from 
the brachial plexus going to the anterior limb was made. The operation 
was performed as follows: Clean and sterilised instruments were used. 
The animals were lightly etherized, and the skin and the superficial and 
deep pectoral muscles on the right side were incised without haemorrhage. 
All the nerve branches, N. suprascapularis, Nn. subscapulares, Nn. pec- 
torales, N. musculocutaneus, N. medianus, N. ulnaris, N. radialis and N. 
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axialis, that appeared through the incision, were cut off about 1.5 cm. 
long. The muscles and the skin were sewn. No specimen became septic 
after the operation. 

At fixed intervals after the operation the animals were killed without 
anaesthesia by cutting the carotid vein, and the spinal ganglia and the 
spinal cord of the cervical region, from which the brachial plexus arises, 
were obtained and used for the histochemical analysis of the relation 
between the glycogenolysis and the chromatolysis. The ganglia of the 
left side, the nerves arising from which had not been injured, were also 
used for control. 

Alcohol-formalin saturated with sodium acetate was used as fixing 
fluid. All the materials were embedded in celloidin and sectioned 15/^ 
thick. 

The following stains were used ; Methylene blue or toluidin blue for 
Nissl’s bodies. Best’s carmin fluid for glycogen. 

RESULTS 

1. Result Obtained for the Morphological Relation between the Nissfa 
Bodies and the Glycogen Granules under the Normal Conditions. 

I have preliminarily studied the normal morphology of the glycogen 
granules in the nerve cells of the guinea pig, with reference to the rela- 
tion of it to the Nissl’s bodies. The observation is as follows: 

In the large motor cells in the anterior horn of the spinal cord the 
glycogen granules are of angular form of conspicuous size, which often 
exceed in dimension the large nucleolus of the nerve celL They are to 
be found not only in the ceil body, but also for a distance in the den- 
drites, where they have a more elongated, spindle shape. The neurite 
and its cone of origin are free from them. Sensory cells in the posterior 
horn of the spinal cord contain a very few large spindle shaped granules. 
In the cells of the spinal ganglion, the glycogen granules are in an 
irregular roundish form of large size and closely packed in the body of 
the cell. It was also found, by the method stated in the previops paper 
(1937), that the glycogen granules just stated are morpbdogicaUy the 
same as the Nissl’s bodies (Figs. 1 and 2), showing that the glycogen is 
contained in the nerve cells at least as one of the elements of the NisSt’s 
bodies. This confirms the result obtained for the glycogen in the nerve 
cells of the horse (1937). 



GLYCOGENOLYSIS AND CHROMATOLYSIS 435 

2. Result Obtained for the Aforphological Relation between the Glycogen 
and the NissFs Bodies after Section of the Axone. 

To obtain furdier data concerning the evidences for die presence of 
glycogen in the Nissl’s bodies the morphological changes of glycogen 
granules in the nerve cells after section of the axone, with reference to 
diromatolysis was investigated. The observation is as follows: 

In the body of the spinal ganglion cell glycogenolysis was found, its 
degree increasing with the lapse of time after the operation. In about 
7 days after neurectomy the glycogen granules decreased in size (Fig. 4). 
In some cells the change was most marked in the central portion, these 
glycogen granules in the periphery often remaining in the form of a 
ring. In from about 14 to 21 days after the operation the change 
reached its maximum, when they almost disappeared throughout the 
entire body of the cells (Fig. 6). Succeeding period showed the recovery, 
namely in about 28 days after the operation the reappearance of the 
granules was observed and until about 42 days their form and arrange- 
ment were found to be normal. 

It was also found that some of the spinal ganglion cells remained 
without any degree of glycogenolysis. This shows that the axones of 
these cells were not sectioned, accordingly they were not affected by a 
lesion of the spinal nerve. 

As regards the relation of glycogen to the Nissl’s bodies, 1 have 
already stated (1937), that since the glycogen contained in the nerve 
cells is one of the elements of the Nissl’s bodies, the disappearance of 
these bodies by the action of digestive enzymes or by a postmortem 
autolysis also shows the disappearance of glycogen. To determine 
whether or hot the glycogenolysis that occurred in the nerve cells after 
section of the axone is also related to the disintegration of the Nissl’s 
bodies, the sections from the neurectomized animals were used for both 
the Nissl staining and the glycogen staining by the method stated in the 
previous paper (Toryu, 1937). The microscopic examination was made 
on the section thus treated and the Nissl’s bodies were morphologically 
compared with glycogen granules. The observation is as follows: 

The disintegration, the so-called chromatolysis was found after the 
operation. Its degree increased wkh the increase of time up to about 
from 14 to 21 days, when the Nissl’s bodies almost disai^ieared (Fig. 5); 
succeeding period showed the recovery, reaching the normal state in about 
48 d^fM after die t^ecation. 
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It was found that the disintegration and the recovery of glycogen 
always agree with those of the Nissl’s Bodies above mentioned, namely 
with the decrease or increase of the Nissl’s bodies the glycogen also 
decreased or increased with the same manner as the bodies, and finally 
when the bodies disappeared the glycogen also completely disappeared 
(Fig. 6), but when the bodies reappeared the glycogen also did so. 

From the result above obtained it seems to me that since the glycogen 
contained in the nerve cells is one of the elements of the Nissl’s bodies 
the chromatolysis is accompanied by glycogenolysis. 

In the cells of the spinal cord after section of the axone chromatolysis 
was not found at all. In about from 7 to 48 days after the operation 
the cells were filled with the Nissl’s bodies of normal form and arrange- 
ment, accordingly the glycogen also remained in normal state. 

As to the degree of the reaction of the nerve cells to cutting their 
axones, it is generally thought that there is a difference in different types 
of the cells. It seems to me that the ,nerve cells in the spinal cord are 
much more resistant than the spinal ganglion cells from the fact that the 
chromatolysis or the glycogenolysis was not found in the former, but 
found in the latter as already mentioned. 

SUMMARY 

1. Glycogen granules in the nerve cells coincide morphologically with 
the Nissl’s bodies; the Ni.ssl’s bodies can be stained with Best’s carmin 
fluid. 

2. Glycogenolysis occurs in the spinal ganglion cells after section of 
their axone ; it reaches maximum in about from 14 to 21 days and 
recovery takes place within about 48 days after the operation. 

3. The disintegration of the Nissl’s bodies, the so-called chromatolysis 
is accompanied by glycogenolysis, but when the recovery of the Nissl’s 
bodies takes place the glycogen granules of the same form and arrange- 
ment as the bodies reappear, showing that the glycogen in the nerve 
cells is contained in the Nissl’s Bodies. 

4. The nerve cells of the spinal cord are not affected by the neur- 
ectomy in the present experiment ; no chromatolysis occurs and accordingly 
the glycogen granules remain normal. 

Before leaving the subject, 1 to express my hearty thanks to 

Dr. S. Hatai for his valuable sii^estions and criticism throughout the 
entire course of this work. My thanks are also due to Dr. K. Kikuchi 
who helped me with much kindness during this work. 
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EXPLANATION OK PLATE XL 

Fig. 1. Nisst’s bodies in the spinal ganglion cells. x650. 

Fig. 2. Glycogen in the same colls as the above. (The Nissl’s bodies were decolorized 

and then stained with Best’s carmin fluid.) x650. (The form and arrangement 
of the glycogen granules are the same ns those of the Nissl’s bodies.) 

Fig. 3. NissTs bodies in the spinal ganglion cells in 7 days after section of their 

axone. X650. (NissTs bodies are decreased in size and amount, especially in 
the central portion of the cells.) 

Fig. 4. Glycogen in the same cells as the above. x650. (Glycogen also diminished 
in the same manner as the NissTs bodies.) 

Fig. 5. NissTs bodips in the spinal ganglion cells in 21 days after .section of their 
axone. x650. (NissTs bodies have almost completely disappeared.) 

Fig. 6. Glycogen in the same cells as the above. x650. (Glycogen has also com- 
pletely disappeared.) 
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Fig. 5. Fig. 6. 
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THE SENSIfilUTY OF THE BARBEL OF UPENEUS SPILURUS 
BLEEKER, WITH SOME NOTES ON THE SCHOOUNG 

By 

Mitoo Sato 

Mitui Institute of Marine Biology^ Susaki near Simoda^ Sizuoko'ken 
(With five figures) 

(Received October 20, 1937) 

Previously (Sato, ’37 a, b), the importance of the barbels of (/pcneotdes 
bentasi in sensing food was described, and in the present work the same 
problem is directed to Upeneus spUurus. This goat-fish possesses two 
notable barbels at the chin and seems to be favorable for such a study. 

This species, as Upeneoides bensasi, is found along the southern coast 
of Japan but differs in attaining a greater length (about 300 mm.) than 
the latter. The specimens used in the present work measured about 
180 mm. in length and all were obtained from Simoda Bay. 

At this place I wish to record my sincere gratitude to Prof. Dr. S. 
Hatai for this cordial guidance giv«i me during the course of this study 
and also ! wish to offer my thanks to Mr. Takanaga Mitsui for providing 
me with facilities during this investigation. 

EXPERIMENTS WITH NORMAL FISHES 

In experimenting on the normal fish, I used a laboratory aquarium 
measuring 70 cm. in length, 41 cm. in breadth and 36 cm. in height. 
Its bottom and three sides were made of wood, while one side was of 
{date glass for the sake of observations. A layer of sand was spread 
oti the bottom of the aquarium to immitate the natural habitats. 

i. Tkm schooling behavior. One important distinction from Upeneoides 
bensaei k that the habit of resting and swimming occurs in schools and 
not individually. Since this fish does not vibrate his tail part or drag its 
baiM over oUier fish like die cadish, it seems possible that the formation 
of school may be doe to the visual response, as shown by Parr (’27) in 
sevoral spedes of schooling pelagic fishes. This suspectkm is supported 
1^ the feet that bBnded fishes show no such reaction. To clear this 
question^ die fdlowing investigation was performed in the dark room, 
aeoardkig to die meilM>d worked out by Bowen (’31). The material 

489 



490 


M. SATO 


consisted of ten normal fishes which were brought into laboratory about 
a week before. A 60 watt Mazuda electric lamp which could be switched 
on and off at will was placed over the center of the aquarium. After a 
given interval of darkness, the aquarium was illuminated, and the behavior 
was observed as noted in the following table. 

Table 1. 

The condition of the schooling of ten normal fishes after 
a given interval of darkness. 

(•f school formation; — scattered condition). 


Interval 

Condition 

Time spent to 
form the ttchool i 
after illumination 1 
(second*) 

Interval 

Condition 

Time fipent to 
form tho school 
after illumination 
(seconds) 

10" 


" i 


— 

6 

30" 


0 

3' 

4- 

0 

50" 

+ 

0 1 

4' 

- 

8 

V 

4* 

0 i 

4' 30" 

- 

7 

V 30" 

— 

3 ! 

5' 

— 

9 

2' ! 

- 

10 

6' 

1 

10 


From these experiments it seems that visual response is an essential 

factor in the reaction 
concerned, because the 
schooling is broken up in 
about two minutes after 
removing of the light and 
then it is reformed, in 
about 8 seconds after the 
aquarium is illuminated 
(see table). 

Next, the reaction of 
this fish to its image on 
the mirror was observed 
to see if it shows such a 
characteristic reaction as 
found in Morone labrax 
(Spooner, *31). A wooden 
aquarium, 41cm. long, 27 
cm. wide and 25 cm. deep 



Fig. 1. Scheme showing the reaction of the iish 
to the mirror, M. 
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was prepared and the mirror, 18 by IScms., was erected on one of the 
walls. This fish became quiet in about ten minutes after being confined 
in the aquarium and was found to rest on the bottom with its head 
towards the mirror as shown in Fig. 1. Such a reaction failed when a 
wooden plate was replaced for the mirror. However, it must be kept 
in mind that six cases of negative reactions were observed in the total 
of twenty observations. Hence this subject needs further investigation 
before any definite conclusions can be drawn. 

ii. Feeding habit This fish is a bottom feeder and its strong reac- 
tions to the bait recall that of Upeneoides bensasi. This fish, however, 
took food at the following day after being captured in the aquarium. 
The two long unbranched barbels are found at the chin of this fish 
(Fig. 3), and the feelers are hidden under the lower jaw when the fish 
does not swim around searching with the barbels on the bottom. 

When lugworms were dropped into the aquarium containing ten normal 
fishes, the fishes approached the bait by use of sight, but did not bite 
and swallow the lugworms readily, as do other fishes with no barbels. 
They swallowed the worms after touching with their feelers. Even after 
swallowing the food, they would continue a systematic search on the 
bottom with their barbelli in school formation. Therefore, the reactions 
of the fish to pieces of lugworms hidden in the sandy bottom was tested. 
Again they swam along the bottom as if searching with their barbels and 
finally detected the hidden food in from one to five minutes. It was 
often noted that they would continue their active trailing with their 
barbels on the spot where the lugworm had laid ; probably some of the 
body juice had escaped into the sand. 

When a wisp of cotton was dropped into the aquarium, it was ap- 
proached by the fishes and touched with their barbels as described above, 
but wa§ never bitten by them. The fishes showed no notable reactions 
to a cottoq saturated with 10 per cent solution of sacchtirose, glucose or 
sodium chloride. But, when the cotton was soaked thoroughly in the 
juice of the lugworms, it was seized by the fishes after touching with 
their barbels, although it was ultimately discarded and given no further 
notice after about five minutes, probably due to a complete diffusion of 
the juice into the water. 

Next, two wads of white cheese cloth, closely resembling each other, 
were made, one containing a small stone and the other some lugworms. 
These wads were dropped into an aquarium with five normal fishes and 
observed for fifty minutes and record was kept of the number of times 
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each wad was bitten by the fishes. The wad~with a stone was approached 
by them, but soon dropped. The other, while contained meat was srized 
and tugged by ^m thirty-^e times in the course of die test. Another 
set of five normal fishes was tested in this manner and with similar 
results. 

These results would indicate that this fish recognizes its food through 
some chemical sense, while its barbels seem to be important in sensing 
its food on the bottom. 

EXPERIMENTS WITH THE OPERATED FISHES 

To ascertain the sensibility and function of the barbel, 1 took from 
among ten normal fishes already tested five sets of two each and prepared 
each set differently by subjecting its members to a special operation. The 
following experiments were all performed in five aquariums of the same 
size, viz., 45 long, 30 wide and 24cms. deep. 

i. The blinded fish. In blinding, both eyes were destroyed by a hot 
needle under the anaesthetization with 5 per cent solution of ether sea 
water. On returning the operated fishes to the aquarium, they began in 
a few minutes to swim lazily about. A week after treatment of this 
kind, the fishes swam trailing their barbels on the bottom in normal 
fashion, though they occasionally collided with the walls and the schooling 
was not given by them. When the lugworms were dropped into the 
aquarium, they were detected by the fish sweeping on the bottom with 
its barbels after the worms fell to the bottom, although the fish was 
unable to pounce upon the bait falling from above. 

When a fine glass or wooden rod was carefully inserted into the 
aquarium and brought near a blinded fish, ^ ^sh showed no reactions. 
Also it failed to show such a notable response to metalic rods as found 
in the case of catfishes (Parker, '27 ; UzUKA, ’34). These results 
seem to indicate duit the barbel seems to be hardly sensitive to tactile 
stimuli. 

For die purpose of making dear the sensibility of the barbel to 
chemical stimuli, the following experiments were done by the use of a 
fine-pointed pipette, directing a jet of various solutions tinged with metbylmi 
blue against the barbel of the fish as shown in Fig. 2, and the fish was 
then closely watched. Notwithstanding die most careful manipulation, a 
small anoount of the solution could not be preveiRied from being swept 
into the mouth of the fish by respgatofy current mid, therefore the 
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Itastatory organs in that cavity were stimulated. 

At firat the -fishes were tested by distilled water, but they merely 
ignored or avoided it. 

When 10 per cent solu- 
tion of saccharose, glu- 
cose and sodium chloride 
were applied, they show- 
ed a slight interest to 
it, but occasionally per- 
formed to ^ail on the 
bottom with their barbels 
for only short time. If, 
however, they were test- 
ed with a solution filtered 
from a mixture of freshly 
chopped lugworms and 
tap-water, they always 
instantly reacted as they 
did to meet and no 
amount of training would *■'*• e*P«rimont to dischargo a jet 

, of the aolution against the barl>ets bv the use of a pipette. 

suffice to cause them to 

discontinue the reaction to this lugworm juice. 

ii. The fish with its barbels removed. The two barbels were removed 
from the chin by sharp scissors, without anaesthetization. These fishes 
recovered easily and quickly, and seemed to be normal, excepting that 
they floated in mid-water or near the top more frequently than the 
normal ones did. When the worm was given, these fishes detected 
and pounced upon it by the sense of sight. But these fishes failed to 
recognize the worms hidden in sandy bottom. Moreover, they occasionally 
pursued and took a wisp of cotton into the mouths as eagerly as if it 
was meat, whereas the normal ones only touched it with their barbels 
«id refused to take it into the mouths. The evidence from these experi- 
ments sMms to favor the view that sight will not explain the final dis- 
crimination between edible and inedible material, although it plays an 
important part in approaching the food which fails firom above. 

iii. The fish with sense df smell and eliminated. To clear the 
sensilnlity of the barbel more fully, the eyes and olfactory organs of the 
fishes of this set were made functionless by an operation: the eyes were 
destroyed with a hot needle and the <dfactory nerves were cut by incision 
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just posterior to. the olfactory pits. At the expiration of a week, they 
were carefully inspected and tested. They swam about trailing on the 
bottom with their barbels and detected the lugworms as much as normal 
ones did. Therefore they appeared to be in satisfactory condition for 
experimentation. 

The tests were begun by introducing a clear glass rod some 2 mm. 
in diameter into the aquarium and bringing it under the chin of the fish. 
But, no remarkable responses were given to its presence, .whereupon they 
usually swam when the rod was actually in contact with the barbels. 
Similar reactions were observed when wooden and metalic rods were 
used in place of glas^. If the electrodes with a current measuring about 
5 microamperes were near to the fish, they would turn away. 

I next endeavored to ascertain the effect of the chemical stimuli by 
the discharge of a small amount of various solutions against the barbels 
as shown already. On applying distilled water to these fishes, no response 
was observed. Even when the solutions of 10 per cent of glucose, sodium 
chloride and quinine were now discharged . direct to the barbels, these 
fishes showed only slight responses to them. On being applied with a 
week acid solution, they commonly turned toward it and this response 
was more striking when the more concentrated solution was used. These 
experiments were repeated several times and always with the similar 
results. In contrast with these applications, the solution filtered from a 
mixture of lugworms and the tap-water was given to these fishes. They 
showed a remarked degree of excitement as soon as this solution was 
applied, and began a systematic search over the bottom with their barbels 
in normal fashion. Furthermore, it is interesting to note that the fishes 
were able to distinguish one wad with meat from the other with nothing. 

The tests here recorded show that the barbels are more sensitive to 
a chemical stimuli than the tactile, in other words, this organ may func- 
tion as a chemoreceptor which is serviceable in sensing food. 

iv. The fish blinded and Us barbels removed. To get some clue as 
to whether or not the olfactory apparatus is related ht sensing food as 
in the cases of catfish, kiliifish (Parker, TO, ’ll), swellfish (Copeland, 
’12) and smooth dogfish (Sheldon, ’ll), I observed the reactions of 
these fishes in sensing food at the end of ten days after the operation. 
These operated fidhes were more restless and swam about more frequently 
than the, normal fishes. If a few fragments of freshly chopped lugworms 
were brought near to such individuals, diey showed slight excitation eveff 
before touching the foodv But, they were unable to easily pounce upon 
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any fragments or to de tect readily the lugworms on the bottom, though 
they often swam within a few centimeters of the food. During this 
period the fishes swam about excitedly in the lower part of the aejuariurn, 
in various directions, and eagenly searched for fe) 0 (l with the'ir mouths in 
contact with the bottom.' 4'h('y» Iiowever, were only abh' to take the 
bait into their mouths when it was near enough for tht'ir lips to come 
in contact with th(^ wire to which a lugvvorm was hookt'd, or when they 
accidtmtally touched th(» worms with th(Mr lips. These fishc's failed to 
recognize the food hidden in sand. 

By means of |)ipette, a j('t of distilled water was dir(*cted over the 
olfa<’jory apertuia* of a given fish and then similarly a[)i)lying a jel of 
lugvvorm juice. In the former case the jet was ignored ; in the latter, 
th(‘ fish show(*d excitement and swam about in tin* aquarium. But, 1 
have mad(* no accurate obs('rvations as to wh('th(»r (he olfactory apparatus 
of this fish is serviceable in distinguishing two wads of cloth as dc^scribed 
above', lu'cause they usually swam past the wads without noticeable change 
and wh(*n th(*y came m sudden contact with the' wads, as rapid avoiding 
rt'action o(!curred. 

It was noticed in this experiment (hat this fish had ratlu*r more 
diffi(*ulty than th<' fiiili with barbels in finding food, although the olfac- 
tory apparatus w’as concerned in sensing the location of food. 

v. The fish with the sense of si^ht and smell eliminated, and the 
barbels leimwed, rh(*s(' operat(*d fishes swam lazily and on the' whole 
showed what might be called a nervous disposition on slight provocation. 
In their n'actions these fishes also resemble those just descrilx'd above, 
excef)t that they took much metre time in detecting food. This fish could 
take the worms only when the'y came in contact with its mouth. If the' 
jet of the worm juice was discharged to the'se fishc's, (hey showed less 
active n'actions compared to normal fishes, although it might b(' arguc'd, 
of course, tliat the effects of the opt'rations upon the fishes made them 
unable to n^.^pond inactively. 

histol(k;icai. sikikthue of HARBKLS 

For fixation of the barlx'l, Bonin's solution and 10 per ct'nt neutral 
formalin solution were tried and section were differentiated by (he stains 
of widest applications. Bielschovvsky’s mc'thod was also applied. 

The barbel of this fish is ting('d with light yellow, but is not so 
l)rightly yellow as that of Upeneoides bensasi, and its distal end does not 
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Fir. 3. Side view of the head, show 
ing two barl>eli» at the chin, natural 
m/e. 


reach to the posterior margin of 
the subopercular bone (Fig. 3). 
'Fhe structure of this barbel, 
however, shows a striking re- 
semblance to that of Upetieoides 
bmsasi. 

The cutaneous taste buds 
are buried numerously in the 
epidermal cells and are generally 
more thickly populated on the 
distal parts than on the proximal 
ones (Figs. 4 and 5). 

They are flask shaped, 
about 110/^ in height 
and 70 p in width. The 
organizing elements of 
the taste buds divide 
into the sensory and 
supporting cells. The 
former is extremely at- 
tenuated above the 
level of its nucleus 
which lies near the 
proximal end of the 
cells. The sensory cells 
are arranged side by 
side situated upon the 



Fi#?. 4. Tangential section of the distal 
portion of the barliel, showing the cutaneous 
taste buds thickl\ populated. X 100. 


th 



b c 


Fig. 5. Transection of the barbel, showing its structure. 
Xl50. 6, blood vessel, c, curtilage: d, dermis, e, epuler 
mis; fi, bundles of nerve fibres; th, cutaneous taste liuds. 
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psi^illar eminences of the dermis. The supporting celts cover and 8ur> 
round the sensory cells. Excepting the taste buds, no other notable 
structures are found among the epidermal cells. . ' 

At the central core of the dermis, a rod of cartilage is situated. .and 
stretches from the base of the barbel to its distal end. The large nerve 
trunk occupies the greater part of the dermis and encloses the cartilaginous 
rod. This trunk gives off numerous side branches in its course from the 
base of the barbel to its tip. These side branches reach the bases of 
the dermal papillae through the connective tissue, where the taste buds 
are found. This nerve trunk seems to be a branch of ramus mandi- 
bularis VII. In this poifft, another report will appear. Among the 
connective . tissue, the blood vessels are also found. 

According to Herrick (’03), the cutaneous taste buds are organs of 
taste, and the delicacy of the sense of taste in the skin is directly pro- 
portional to the numbers of the cutaneous taste buds in the area in 
question. Hence, it may be also expected from the results of the histo- 
logical observations that the barbel plays an important role in search for 
edible substances, for the barbel bears a great number of the taste buds 
on its epidermis. * 

M. 

DISCUSSION AND CONCLUSIONS 

One peculiarity of this fish is that it is a schooling fish. By experi- 
mentation I have shown that blinded fishes do not form schools and in 
addition it was shown in Table 1 that the schooling is broken up in 
about two minutes after the light is removed, though a few exceptional 
cases were observed in the course of my tests. Furthermore, this reac- 
tion is not effected by the elimination of the olfactory sense, and this 
fish does not vibrate its tail in pushing against another as in the case of 
Amiurus melas (Bowen, ’31). Fotk these reasons, I may conclude that 
the eyes are extremely important for schooling and that without them 
this reaction does not occur, as shown by Parr (’27) in the schooling 
pelagic fi^es. ^ 

Spooner (*27) reported already that Morone labrix, a schooling fish, 
shows a characteristic reactions to die mirror. However, in my observations 
on this point, aU of these fishes did not react with the same regularity 
to the rahror. 

Another feature of this fish is that it has two notable barbels at the 
dihi, which ritow a striking resemblance in its structure and function to 
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dutt of Upmemides hewmsi ’37 bi). 

The normal fidies Mrim hi trafling dMr barbels on ^ boittotn and 
detect hidden food in the nnd in a shcnt time. Ihis ability to reeoflmize 
die iwesenoe ol the hidden food was not hindered by die elanUiethm of 
the sense of smell mid si^ht, but the loss of this ability was causid only 
when die baih^ were removed. In addition to this, the ponilnlity to 
distinguish one wad with meet from the other without any was not 
influenced by making the olfactory apparatus and eyes functiottless. Al- 
though, the experinwmts and observations here recorded diow durt die 
s^ht plays a major part in approaching food falling from above* and 
that the oKactwy apparatus is serviceable for locating food substances, 
these two sense organs are serviceable in the preliminary steps of pro- 
curing food. Because the fish without barbels occasionally took a wisp 
of cotton into the mouth as eagerly as if it was meat, whereas the fish 
with barbels showed no such procedure. Moreover, die fishes with the 
barbels removed have more difficulty than diose with barbels in finding 
food on the bottom : and the ability to discriminate between two wads 
was rendered decreased by removing the barbels. From these results of 
experiments on the barbel, this organ may be regarded as a limiting 
factor in the ability of this fish to recognize hidden food. 

The sensibility <A. the barbd was also confirmed by my tests on the 
fishes with barbels but with the sense of smell and sight eliminated. 
These fishes paid no attention to the presence of a clear iduss, wooden 
or metalic rods, and they usually swam away when diese rods were 
actually in contact with their barbels. If the solution of saccharose, 
glucose, sodium chloride and quinine were discharged against the barbels 
ci such individuals by means of a fine pointed pipette, these fishes ex- 
hibited no notable excitation. But occasionally they reacted to lliese 
solution in moving of their barbels lazily. On applying. .weak acetk acid 
solution, a rapid avoiding reactiona occurred. If, however, the sdutkm 
filtered from a mixture of logwocms and tap-water was uud in place 
of these above mentioned solutions, the fi^ies always showed a maiked 
degree of excitement, and began a systematic search on the bottom with 
dieir barbels. These experiments were repaa^l Mveral times wUh the 
similar results. These tests tiiow conclusivdy tiwt the barhdl is more 
sensitive to chemical than tactile sthnall In other worda,' the barbel 
may function as a gustatory organ whi^ reqionds to a dieiiiieal sthnula- 
turn by substances in solution amasatinf hrotn the m ciptaheolis 
taste buds buried on its epidermis. Aflcoidin!|^, this ihio 4 mmis 
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to bear oonrideraUe resemblance of the free rays of pectoral fin of 
Tuif^ eorax (Scharrbr, *35) in the sensibility and function. 

In conclusion, then, it can be stated that the barbel is a limiting 
factor in sensing hidden food and this fish seems to detect his food 
<d»efly, if not perfectly, by exploring die bottom with the feelers even 
in natural habitat as similar as that' observed in the aquarium, judging 
from the fact that this fish is a bottom feeder. 

SUMMARY 

1. The barbel which is provided with the cutaneous taste buds 
numerously on its epidermis, is more sensitive to chemical than tactile 
stimuli. 

2. This organ seems to be absolutely necessary to recognize the 
hidden food and this ability is not hindered by making the olfactory 
organs and eyes functionless. 

3. This fish shows a schooling behavior and the vision is an important 
factor in the formation of school, because blinded fishes give no such reac- 
tion and normal ones fail to form schools in the dark. 
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INTRODUCTION 

The diurnal rhythm of the activity of the Strawberry Weevil, Antho- 
notnua biaignifer Schenkung, was distinctly recognized in the previous 
investigation (Kato, 1937), and in which it was concluded that this 
diurnal activity depends mainly upon the variation of the temperature 
factors such as the solar radiant energy, the air temperature and the soil 
surface temperature. Accd?dingly it may be seen that the activity of 
this weevil is the temperature reaction (Kato, 1938). Now, the investiga- 
tion on the temperature limit of activity of this weevil must be therefore 
taken into consideration in order to clarify the diurnal activity of the 
said weevil. In this present paper, I deal with the results of the experi- 
ments executed concerning the temperature reaction of the said weevil 
under the slowly rising temperature. 

Before proceeding further, I wish to express my sincere thanks to 
I^fessor Dr. Sanji Hozawa for his cordial guidance and encouragement. 
1 am also indebted to Assistant Professor Dr. IsAO Motomura for bis 
valuable suggestions and encouragement. 

MATERIAL AND METHODS 

The overwintered Strawberry Woevil, Anthommua biaignifer Schen- 
KUKO, which were active in the strawberry garden, i. e. Gasen-En, a 
strawberry garden situated on Mt. Dainenji, Sendai, were used in the 
present investigation. 

With the purpose to study the temperture limit of activity of the 
said weevil, four or five ones were obtained in a glass tube. That tube 
2^«m. in diameter and about 5 cm. in length was ventfiated through a 
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little glass tube 0.3 cm. in diameter. The air temperature in the glass 
tube was first lowered till 2°C and, then, allowed to rise at the rate of 
rC during every four minutes. It was, then, recognized that the troubles 
occurring during the experiment, i. e. the troubles concerning the balance 
between body temperature and the environmental air temperature or be- 
tween the environmental air temperature and the reading of the thermo- 
meter, may be taken away by this slow rising of the environmental tem- 
perature. 

Then a similar experiment was conducted with the purpose of measur- 
ing the locomotion velocity of the weevil in various temperatures. In 
this case a glass tube of about 1.5 cm. in diameter and about 15 cm. in 
length, in which the weevils were allowed to climb up from the bottom 
to the top, was used. Accordingly, as an index of the locomotion velocity, 
climbing velocity was dealt with in this present investigation. 

RESULTS AND DISCUSSION 
/) The Temperature Limit of Activity 

The experiments concerning the temperature limit of activity of various 
insects have been done by many investigators (Bertram, 1935; Boden- 
HEiMER & Klein, 1930; Braes, 1927; Chapman and others, 1926; H6- 
ZAWA, 1929; Mishima, 1936; Motomura. 1936; Parker, 1930; etc.). 
According to the results obtained by the said investigators, it is recognized 
that the insects living in different environments, have to each other 
characteristic minimum and maximum temperature limits of activity. 

When the temperature is gradually lowering, the activity of the Straw- 
berry Weevil becomes weaker and weaker till at last it becomes motion- 
less and unable to stand. The air temperature in the glass tube was, 
then, slowly raised at the rate of 1*C in every four minutes, as already 
mentioned. When the temperature is allowed to rise, we remark first that 
the weevil performs a slight movement of the antenna or the leg, then, 
it stands up on its feetr and, after ,a while, begins to crawl. ' When the 
temperature continues to riw, the activity of the weevil rises until it 
becomes excited and nervous by heat and finally unable to stand. 

In the present investigation the various activities of the weevil wm’e 
recorded to indicate the five following conditions: 

A : The observation cd the first digbt. movement of ffie leg or the 
antenna of each individual. . 
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B ; The standing of each one on its feet for the first time. 

C; The beginning of the crawling of each individual. 

D : The flying of the first individual. 

E; The falling down of each weevil becoming unable to stand by 
heat paralysis. 

In the case of measuring the temperature, indicating the condition of 
a certain activity, the temperature, at which the first or the last individual 
indicates the condition of the said activity, has been ever observed. Since 
this method seems, however, not so much biologically important, the 
average value of the temperature, at which each individual indicates the 
said condition of the activity, was, in the present experiment, taken up 
as the one showing the said condition of activity. As this method was 
not available for the case of the beginning of the flying, the temperature, 
at which the first individual flied, was used as ever. 

A-condition of this study corresponds to Chapman’s “ Point I ” and 
to Bodenheimer’s “ Il-condition ” ; B-condition to the former’s “Point 
II ’’ ; Ccondition to the former’s “ Point III ’’ and to the latter’s “ Ill- 
condition ’’ ; and E-condition J|ts for Chapman’s “ Point VII ’’ (Table 1) 
(Chapman and others, 1926; Bodenheimer, 1930). 

Table 1 

Comparison of the conditions of activity used by various 
investigators 


Condition of activity 


i\«marK9 

1 Kato’s 

BoDRNHKIMER’r I 

Chapman’s 

The first slight movement of the leg 
or the antenna 

A 

11 

I 

The standing of each one on its feet 

B 


11 

The beginning of the crawling 

c 1 

111 

HI 

The beginning of the flying 

D 

— 

-- 

The falling down by heat paralysis 

E 

Vll 

VII 


(i) Tlte results obtained in the present investigation concerning the 
Strawberry Weevil are tabulated in Table 2 and shown in Fig. 1. 

According to tibese results, A-oondition of this weevil is 4.67°C, which 
is nearly similar to 4.5*^ shown in the case of the Rice Weevil, Cedandra 
oryme (L.) (HAeawa, 1929), Imt is distiaedy low comparing with 7.6'’C in 
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Table 2 

Frequency distribution showing the various conditions of activity 
of the Strawberry Weevil 


Temperature j 


Frequency (%) 


A-condition 

fi'condition 

C*condltion 

£.conditian 

2A^C 

3.2 

4.0 

4.8 

5.6 

3.6 

0.0 

57.1 

35.7 

3.6 

3.6 


U 

b 

6.4 


25.0 


.-4 

CQ 

7.2 


17.9 

14.3 

8.0 


17.9 

7.1 


8.8 

9.6 


28.6 

7.1 

21.4 

21.4 

i' 

cm’ 

10.4 

11.2 

p 

QC 


25.0 

7.0 

12.0 

* 

1 

jH 


8.6 

c 

18 

2 

* 

u 

s 

U 


•k 



v-s 


# 

39.0 

S 

i 



40.0 


00 

1 

6.7 

41.0 

iSS 

is 

o> 

13.3 

42.0 


2 


33.3 

43.0 


:s 

s 

(8 

26.7 

bob 



;s 

13.3 

6.7 


the case of the Desert Locust, Schistcerca gregaria Foresk (Bodenheimer, 
1930) and also with T.O’C of the American Grasshopper, Melanoplus 
mexicanus tnexicattus Saussure (Parker 1930). 

(ii) The temperature indicating the B-condition at which the weevil 
stands up on its feet is 8.10‘’C. As clearly shown in Table 2 and Fig. 1, 
it is noticeable that two maximum values are recognized in the frequency 
distribution. Tliis may be easily understood from the fact that some 
weevils, used in the experiment, were able to stand up at the first trial, 
but the others could only .do it after several repeated trials. That is 
to say, the greater part of Ae weevil which stood up at the first trial 
belong to the first frequency distribution and the others to the second 
distribution. The exact temperature at whidh the weevil is able to stand 
may be therefore lower a little than 8.10°C. Comparing this result with 
that shown by other investigators, it is clear ' that this is fairly higher 
^an that shown by the Greenland insedts whkh are set in fuU activity 
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Fig. 1. Frequency pplygons showing the various conditions of activity 
of the Strawbeny Weevil, A: A-condition; B: B«rondition; C: C-condition; 

E: E«condition. 

at 10*C (Bertram, 1935), but is distinctly lower than 10°C shown by 
the American Grasshopper (Parker, 1930). 

(hi) Ccondition at which the weevil begins to crawl is observed at 
O.WC. This is lower than that shown by the Desert lx>cust and again 
than that of the American Grasshopper. The beginning of the crawling 
was observed at 10X1 in the former case and at 12*C in the latter. In 
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the case of the Strawberry Weevil, the influence of the phenomenon, 
which was observed in the preceding 6-condition, is seen ; i. e. weevils, 
which belongs to the first of the frequency distribution obtained in the 
6-condition, begin to crawl earlier than the others. 

(iv) When the temperature rises continuously, the crawling of the 
weevil becomes gradually active till 22.8°C, at which degree the beginning 
of the flying of the first individual is observed. The temperature, at 
which the beginning of the flying is seen, agrees fairly well with that of 
Rhaphidopalpa femolaris Mots., i. e. about 22°C (Mishima, 1936). 

(v) The temperature of £-condition, at which the weevil becomes 
unable to stand by pAralysis, is 42.9°C. But in the case of the Desert 
Locust (Bodenheimer, 1930), it is 49.6-50.9°C and in the case of the 
American Grasshopper (Parker, 1930), 47°C. Only in the case of 
Rhaphidopalpa (Mishima, 1936) it was 41-44*C which may rather be 
similar to that of the Strawberry Weevil. In the case of the Hotspring 
Insects, it is expected that the maximum temperature limit of activity 
may be remarkably higher comparing with others. According to Braes, 
the maximum temperature limit of Chironomus sp. was actually very high 
showing 49-50°C (Braes, 1927), and in Stratiomya japonica Van per 
W uLP it was 50.8°C (Motomura, 1936). These are distinctly higher 
than that of the Strawberry Weevil. 

(vi) Summarizing the above mentioned results, in the case of the 
Strawberry Weevil, A-condition is 4.67°C, 6-condition S.IO'C, C-condition 
9.70°C, D-condition 22.8°C, and £-condition 42.92'’C. According to these 
results, it is clearly recognized that the minimum and maximum tempera- 
ture limits of activity in the case of the Strawberry Weevil, are both 
remarkably low comparing with those of the Desert Locust or -the Ameri- 
can Grasshopper which seems to be rather .tropical insects. Similar 
relation is observed with the Hotspring Insects. On the contrary, minimum 
temperature limit of activity of the l^trawberry Weevil is higher than diet 
of the Greenland insects, the arctic insects. But die similar degree of the 
temperature limit of activity was observed only in the cases ci the Rice 
Weevil and Rhaphidopalpa ^Chrysoinelid). 

II) The Temperature Zone of AcHvity 

The temperature zone activity of the Strawberry Weevil may be 
easily measured from the difference between C*condition and £-conditioii, 
i.e. 42.92‘’-9.70‘4=a3?C. 
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According to “Study in the Ecology of Sand Dune Insect”, which 
was written by Chapman and the others, each insect, which comprises the 
sand dune fauna, is not similar when compared on the basis of the 
temperature limit of activity (Chapman and others, 1926; Chapman, 
1931). According to this, the climate of the sand dune is essentially 
like that of the desert. It may therefore distinctly be seen that the 
maximum and minimum temperature limits of the Strawberry Weevil are 
low comparing with those of the various insects of the sand dune. Only 
in the cases of the nocturnal insect, Geopinus incmssatus Dejean, and 
of Melanoplus femur-rublum Deg. the minimum temperature limit of 
activity is similar to that of the Strawberry Weevil ; but, the tempera- 
ture zone of activity of both species is also wider than that of the latter, 
showing 39°C and 43°C respectively. This narrow temperature zone of 
activity in the ca.se of the Strawberry Weevil shows that the adjustment 
to high temperature is weak comparing with the above mentioned sand 
dune insects. * 

III) Locomotion of the Strawberry Weevil 

In the range of the temperature zone of normal activity, the degree 
of the activity is not similar under various temperature conditions, but it 
becomes more active with the rising of the temperature. This fact is 
also distinctly known by what was above mentioned. I measured, however, 
the velocity of the locomotion in climbing under the gradually rising 
temperature, with the purpose to investigate quantitatively the degree of 
the activity. 

The relation between the temperature and the locomotion velocity of 
various insects was examined by many authors (Belehkadek, 1935 ; 
Bodenheimer & Klein, 1930 ; Crozier, 1924 ; Miller, 1929 ; Przibrum, 
1909 ; Shapley, 1920 ; Stumi'ER, 1922). These results pretty well agree 
with the framuia derived from Vant Hoff’s Law and Arrhenius’ Law. 
According to Bodenheimer & Klein, in the case of the “ Ernte Ameise ”, 
Measor aemirufus E. Andr£ the locomotion velocity curve represents the 
hyperbola and the “ aktivitat NuUpunkt ” was never constant through the 
year, but varies, showing different values in each month (Bodenheimer 
& Klein, 1930). 

The results obtained in the present investigation, were shown in Fig. 
2 and Table 3. 
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Table 3 

Locomotion velocity of the Stmu^Hsnry Weevil 


Temperature 

Velocity (cm./»ec.) 

Temperature 

Velocity (cnu/iec.) 

11. OX 

.1563 

29.0'C 

1.6790 

13.0 

.1818 

30.0 ' 

1.904S 

14.2 

.1901 

34.0 

1.9444 

16.0 

.3333 

36.0 

2.0000 

17.6 

.5357 

38.0 

2.5000 

19.0 

.5932 

38.7 

2.0000 

20.0 

.6593 

40.0 

2.2727 

26.0 

1.0909 

40.5 

2.1622 

25.0 

1.3043 

42.0 

1.5686 

27.6 

1.5152 

43.0 

1.4607 


The carve of the locomotion velocity under various temperatures may 
be represented by the Arrhenius' formula: 

Here, JC, and Kt represent the vdodty in tite ease of the absolute 
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temperature 7| and 7 respectively. 

Thus, the critical temperatures were calculated. These were 20“C and 
29°C, and the thermal increment was as follows: 

Below 20“C. /<= 36060 

20'‘C— 29‘’C 13800 

Above 29*C /<= 5400 

It may be interesting to see that the first critical temperature is similar 
to the temperature at which the weevil begins to fly, showing 20°C and 
22.8"^ respectively. 


SUMMARY 

1. In the present paper, the investigation concerning the temperature 
limit of activity of the Strawberry Weevil, Anthonomus bisignifer ScHEN- 
KUNG, was done with the purpose to clarify the diurnal activity of the said 
weevil. 

2. The experiment was conducted under the gradually rising tempera- 
ture at the rate of TC in every four minutes, using the overwintered weevils 
which were active in the strawberry garden. 

3. The temperature, at which the slight movement of the antenna or 
the leg is observed, is 4.6T’C, the one at which the weevil stands up on 
its feet is 8.10°C, and the one at which the beginning of the crawling 
is observed is 9.70°C. The beginning of the flying is seen at 22.8°C. 
The temperature at which the weevil falls over by paralysis is 42.92°C. 
Accordingly the temperature zone of activity is about 33°C. 

Comparing the Strawberry Weevil with the Desert Locust or with 
the American Grasshopper, the maximum and minimum temperature limits 
of the said weevil are remarkably low, but higher than those of the Arctic 
Insects of Greenland. It is suggested that this temperature reaction is 
generally similar to those expressed by the Rice Weevil and Rhaphidopalpa. 

4. The locomotion velocity, measured under various temperatures, 
agrees with the Arrhenius’ formula. The critical temperatures are at 
20'’C and 29*^, and the critical thermal increments (p) are as follows: 

Below 20’C /i-36060 

20“C— 29*C /^= 13800 

Above 29‘’C 5400 
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THE DIURNAL ACTIVITY OF THE STRAWBERRY WEEVIL, 
ANTHONOMVS, BISIGNIFER SCHENKLING, WITH 
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OF THE SOLAR RADIANT ENERGY 
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(With four fiKures) 

(Received October 30, 1937) 

INTRODUCTION 

It is evident that the diurnal rhythm is seen in the activity of the 
Strawberry Weevil, Anothonomus bisignifer Schenkung, especially in the 
egg-laying activity which is dealt with as an index of the general activity. 
That is to say, according to The statistical investigation, from total number 
of eggs laid every day, 88.4 per cent are deposited in the daytime, and 
only 11.6 per cent afe laid in the night (Table 1). 

Table 1 

The diurnal activity of the egg-laying of 
the Strawberry Weevil 

TimeMnterv&I Number of eggs {%) 


h h 


6.00-10.00 

22.6±1.2] 

10.00-14.00 

37.1±1.7l88.4 

14,00-18.00 

28.7±1.8j 

18.00- 6.00 

11.6 


Besides, conceriung the activity in the daytime, 22.6 per cent of the 
daily total number are oviposited in the morning (6 am.-10 am.), 37.1 
per cent about noon (10 am.-2 pm.), and 28.7 per cent in the afternoon 
(2pm.-6pm.). We may therefore easily conclude that the Strawberry 
Weevil is a diurnal insect. 

It is almost doubtless that the diurnal rhythm of the insect activity 
depends, in many cases, upon the diumal variation of the climatic factors. 
But the problem is t» find out which of these climatic factors is most 
elective upon the insect activity. 
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The investigation concerning the correlation between the egg>laying 
activity of the said weevil and the various climatic factors was carried 
on, since a few years by myself. In this investigation the main (^ective 
diniatic factors were discussed statistically, calculating the coefficient of 
correlation (Kat6, 1936 & 1937 a). The evaporation, humidity, air tem- 
perature, soil surface temperature, and the solar radiant energy were 
microclimatically measured, and then tiie correlation between the egg-laying 
activity and tiiese measurements was investigated. The condusion was 
that the temperature factors, such as the solar radiant energy, the air 
temperature and the soil surface temperature, are the most important. 
Conclusively, it was suggested that the said activity might mainly go 
with the temperature reaction. This fact was also distinctly recognized 
in tile investigation carried in the case of the solar edipse, using the 
said weevil (Kato, 1937 b). 

It may be consequently permissible to condude from what was above 
mentioned, that the solar radiant enm'gy which has been almost neglected 
in the fidd of the ecology must be recognized as one of the temperature 
factors of the environmental factors. 

According to the experiment made on the temperature limit of the 
activity of the said weevil (Kat6, 1938), the minimum effective tempera- 
ture is 9.70°C and that activity becomes more strong with the rising 
temperature and then at 22.8°C the beginning of the flying is observed. 

' In the present investigation I deal with the observation conomming 
the diurnal activity of the Strawberry Weevil. Taking the relation be- 
tween the activity and the temperature factors into consideration, a special 
study refers to the process of transformation which goes from the nocturnal 
resting condition to the diurnal active one. 

1 wish, here, to express my sincere thanks to Professor Dr. Sanji 
H6zawa for his kind instructions which I received in tiie course of this 
investigation, and to Assistant Professor Dr. ISAO Motomura for his 
valuable criticisms. I am also indebted to Mr. T. Mitazawa, the owner 
of the strawberry garden, for his kind consideration. 

METHODS AND MATERIAL 

The investigation was made in 1936 and 1937 at Gaaen*£n, a straw- 
berry garden situated on Mt. Datnenji, S^ai, 1) dqrmg the Reason 
of. activity of tiie Strawberry Weevil, AntAtmomm ik'sfgnt/er ScRBNKtOlG. 

In the field experiments, a glass frame (100 x 60 x 60 em.) was used 
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for the convenience of the observation. For the ventilation purpose, a 
wire net (0.5 mm.) was stretched on the four sides of the base belt of 



Kijf. 1. General view of the strawl>erTy K^rden showing the 
experimental frame in the right hand. 

the frame and also at the upper part of that frame. Two strawberry 
plants were planted inside of this frame and 10 or more weevils were 
put into the same. Thus the behavior and the activity of these weevils 
were observed. At the same time, the air temperature was measured in 
this frame at the height of 20 cm. above the ground, and the soil surface 
temperature was also observed. Then the .solar radiant energy was measured 
by the congregated solar radiation thermometer. By using this frame, 
the rapid descent of the air temperature, and, consequently, the various 
mechanical influences caused by the evaporation or by the water drops 
or by any other causes (Kato, 1937 a) were possibly removed. Therefore 
it may be conceivable that, in the present experiment, the temperature 
factors may have a main effect upon the activity of the said weevil. 

The locomotion velocity of this weevil was also measured in the frame 
with the purpose of comparing it with the result obtained by the labora- 
tory experiment (Kato, 1938). A glass tube of 1.5 cm. in diameter and 
about 13 cm. in length and the several weevils coming from the laboratory 
work were used in this investigation. The climbing velocity was also 
measured as an index of this locomotion velocity. 

RKSIJLTS 

(1) In general, the Strawberry Weevil, inactive when the night falls 
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and motionless during the night, becomes active with the sunrise. In 
order to investigate the progression of the activity of the said weevil 
transforming from the nocturnal nesting condition to the diurnal active 
condition, observations were carried on beginning from daybreak and con- 
tinuing until the diurnal active condition was distinctly established. These 
observations were made eight times; i. e. at 5th, 7th, 11th, 14th, 18th, 
2()th, 22nd, and 23rd of May* Some records obtained by these experi- 
ments were tabulated in Table 2. 

'Fable 2 

Records of the observation of the diurnal activity 
of the Strawberry Weevil 

No. 1 

7tli of May, 1937. 



Sol. Had. 



'Fime 

TTiermom. 
liluck White 
hull) huih 

Air- 

I’emp 

Soil- gun^j^jne 
1 emp. 


C' C 

"C 

C , 

5.15 am, 

6.8 5.8 

5.2 

5.0 bright 

5.30 

9.6 7.5 

7.2 

5.0 

5.40 

10.5 8. .5 

8.4 

5.2 

fi.lO 

18.7 l.‘1.6 

11.5 

6.5 

1 

6.15 

19.8 ; U.5 

13,2 

7.0 1 


6.25 

21.2 

15.4 

14.8 ; 

7.2 

6.30 

22 2 

16.0 ' 

15.0 

7.9 

6.40 

2.3.8 

17.9 

1 

17.0 

9.3 


Observation 


No active weevil is .seen. One is rest)iiK 
Ix’tween a petiole and a stem. 

One* resting! at the root of the plant moves 
the antenna and then begins to crawl 
slowly. 

the said weevil migrates slowly into the 
rays of the sun. 

One weevil resting on tin* injured flower- 
hud which had fallc.*n on the ground moves 
the antennae, (ieneral activity is very 
weak. 

One weevil crawls up from a leaf-.sheath 
and after a while crawls again into that 
h*af-sheath. Two weevils crawl up from 
the part of Ihe root, migrate into the rays 
of the sun and do cleaning movement. 
The weevils resting in the sunshine begin 
to crawl and become active earlier than 
the others resting in the shade. 

Two weevils crawl or move the anlennoe 
in the sunshine at the lower part of tht* 
.stems. 

One pair of mating and one more weevil 
are in the sunshine and are somewhat 
active. One resting in the shade does 
the cleaning movement slowly. 

Two weevils crawl up to the flower-buds, 
two pairs of mating are on the petiole. 
One resting in the leaf-sheath begins to 
migrate-. 


STRAWBERRY WEEVIL AND SOLAR ENERGY 


515 


Time 

Thor 

Black 

bulb 

Had. 

mom. 

mite 

bulb 

Air- 

Temp. 

Soil- 

Temp. 

Sunshine 

Observation 

6*46 am. 

-Tg- 

24.3 

"C 

18.1 

17.0 

c 

• 9.7 

bright 

10 weevils are active on plants. Weevils 
in the sunshine are generally in the normal 
activity. 

7.00 

24.6 

18.7 

17.6 

11.5 

” 

12 weevils are in the si^t. The weevils 
in the sunshine are in we normal crawl- 
ing. but the others in the shade are in 
the slow crawling. 

7.10 

25.4 

19.5 

17.8 

11,8 

- 

13 weevils are active in the sight. A few 
weevils are feeding on the plant. 

7.30 

25.0 

19.3 

17.4 

12.5 


Three weevils are laying eggs. 

7.40 

25.9 

19.6 

18.0 

14.0 

- 

All weevils are generally in the normal 
activity. 

8.00 

25.6 

20.0 

18.6 

16.2 

.. 

The same. 

8.10 

26.7 

20.8 

19.0 

16.5 

• » 

One weevil begins to fly for the first time. 

8.17 

27.7 

21.4 

19.4 

j 

17.3 


One more weevil flies short distance. One 
weevil flies from the plant to the glass 
wall of the frame and crawls. 

8.40 

29.0 

23.0 

21.5 

19.5 

• » 

One more flies and crawls on the glass 
wall of the frame. One weevil cuts down 
the flower-hud which was oviposited. 

8.47 

29.8 

23.6 

21,8 

20.0 

»> 

One more weevil is flying about the plant. 

9.00 

31.3 

25.0 

22.5 

20.4 

ft 

Three weevils are crawling on the glass 
wall of the frame. All weevils in the 
sight are in active condition. 

9.30 

31.3 

:^.o 

23.0 

21.5 


All we.evils are in full activity. 


No. 2 

18th of May. 1937. 


4.54 am. 

10.3 

10.3 

10.3 

10.5 

cloudy 

One weevil is feeding on a fruit. The 
other one is crawling on a leaf. 

5.00 

10.3 

10 4 

i 

10.3 

10.5 


One weevil crawls slowly and rests on 
the glass of the frame. One is feeding 
on a fruit. Two weevils are crawling on 
a stem and on a leaf. 

5.97 

10.6 

10.4 

10.4 

10.5 


One crawls up a stem, one is feeding on 
the injured flower-bud fallen on the ground 
and one is resting at the lower part of 
the plant. One crawls slowly and rest 
on the glass wall of the frame. 

5.15 

11.0 

10.7 

10.7 

10.5 

ft 

One weevil crawls up a stem. The said 
weevil resting at the lower part of the 
plant begins to crawl slowly. 

5.80 

11.4 

11.2 

11.0 

10.7 

tf 

Four weevils rest and crawl at the lower 
part of stems or petiole. Two weevils 
are feeding on a fruit and a flower-bud. 
One is resting on the glass of the frame. 
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Time 

Sol. 

Ther 

Black 

bulb 

Kad. 

mom. 

White 

bulb 

Air- 

Temp. 

Soil- 

Temp. 

Suuahtne 

Observation 



X 

"(i 

-t 



5.45 am. 

12.0 

11.6 

11.4 

10.9 

cloudy 

All weevils in the sight are, in general, 
in weak activity. 

6.15 

12.3 

11.8 

11.7 

11.1 


Six weevils are on the plant crawling 
slowly. One is feeding on a fruit. 

6.30 

13.2 

12.4 

12.0 

11.5 

(» 

The greater part of the weevils in sight 
are generally in normal crawling in the 
middle part of the plant. 

6.40 

14.7 

13.7 

12.9 

11.9 


Two weevils crawl up from the lower 
part of the plant. 

6.50 

16.8 

14.9 

13.8 

12.6 

I 

slightly 

over- 

casted 

One pair of mating weevils are on the 
fruit. Two weevils are on the glass of 
the frame. 

7.00 

15.7 

14.2 

13.8 

12.8 

cloudy 

There are nine weevils on the plant and 
half of them arc crawling and others are 
resting. 

7.15 

14.4 

13.7 

13.2 

12.7 


All weevils are generallv in normal crawl- 
ing at the lower part of the plant. 

7.30 

14.4 

13.6 

13.3 

12.6 

.. 

7.45 

14.6 

13.8 

13.4 

12.7 

t* 

No active crawling is seen. 

8.15 

16.0 

14.8 

14.0 

13.2 

•» 

The same. 

8.40 

18.0 

16.3 

1 

15.0 

14.5 

*» 

All weevils are in general in active con- 
dition. 


No. .3 

20th of May, 19.37. 


5.00 am. 

10.4 

j 10.3 

9.8 

1 11.0 

cloudy 

One weevil is laying an egg on a flower- 
< bud. 10 weevils on the glass of the frame 
are in' resting condition. 

5.10 

10.7 

10.5 

10.2 

11.0 


One weevil crawls up on a leaf. Two 
are feeding on a flower-bud. 

5.15 i 

10.8 

10.7 

10.4 

1 

11.0 


Two weevils resting on the glass wall of 
the frame begin to crawl. One weevil 
crawled up from the lower part of a stem 
begins to feed on a fruit. One more 
crawls up a stem to a flower-bud. 

5.20 

11,2 

10.9 

10.7 

11.1 

tt 

Three weevils are crawling about on 
leaver. The others are resting. 

5.30 

11.7 

11.4 

11.1 

11.2 

»* 

11 weevils are on the glass wall of the 
frame, two of them are crawling and 
others are resting. Two crawl ab^t on 
the plant. One is feeding on a fruit 

5.40 

11.9 

11.4 

I 11.3 

11,5 

** 

One injured flower-bud falls on the ground. 

6.10 

12.2 

11.7 

11.5 

11.9 

** 


6.30 

12.0 

11.5 

11.5 

11.7 


10 weevils are on the glass of the frame 
under resting condition. Two are on flower- 
hud piercing them. One crawls and two 
rest on plant 
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No. 4 

22nd of May, 1937. 


Time 

"SX 

Ther 

Black 

bulb 

Tsr- 

room. 

White 

bulb 

! Air- 
Temp. 

Soil- 

Temp. 

Sunshine 

Observation 

4.55 am. 

8.4 

“(T 

8.4 

1 8.2 

8.8 

cloudy 

No one crawls. 

5.00 

8.5 

8.3 

j 8.2 

8.8 

1 

One weevil re.^ting at the root of the 
plant begins to crawl and rests again. 

5.30 

8.6 

8.6 

j 8.6 

8.9 

.. 

No one crawls. 

6.00 

8.7 

8.7 

1 8.7 

9.0 

.. 

The same. 

6.30 

9.5 

9.4 

! 8.9 

9.2 

.. 

The same. 

6.40 

9.4 

9.6 

j 9.0 

9.4 

1 »» 

One weevil la^gins to crawl between stems 
at the lower part of the plant and rests 
again in a leaf -sheath. 

7.00 

10.7 

10.5 

1 9.8 

10.0 


No one crawls. 

7.30 

11.4 

10.9 

1 9.8 

10.4 


The same. 

7.43 

12.0 

11.2 

j 10.0 

10.5 


One crawls up a stem. 

7.50 

12.8 

11.5 

i 10.2 

10.6 


Two weevils crawl about on the plant. 
One is piercing u fallen bud. One crawls 
up a stem. 

7.55 

13.0 

11.7 

10.6 

10.7 

- 

One weevil crawls up on a leaf from the 
lower side of the same. 

6.00 

13.4 

11.9 

10.8 

1 

i 

10.8 


Five weevils are on the plant in slow 
crawling. Two are feeding on a flower- 
bud and on a fruit. Four are resting on 
the glass wall of the frame. One resting 
between stems. 

6.15 

13.4 

12.0 

11.3 

11.1 



8.30 

14.1 

12.6 

11.6 

11.4 



9.00 

13.4 

12.2 

11.7 

11.5 

1 

One weevil begins to crawl on the glass 
of the frame. One crawls on plant. One 
is feeding on a fruit, and others are rest- 
ing. 

9.30 

18.7 

15.8 

14.0 

12.9 

soft- 

sunbeam 

Five weevils crawl actively on the plant. 
Five crawl on the glass wall. Two are 
feeding on fruits. 

9.35 

21.3 

17.5 

15.6 

13.9 


11 are crawling on the plant. All are 
generally under active condition. One 
pair of mating weevils and the one, which 
is feeding on a injured flower-bud fallen 
on the ground, are seen. 

9.45 

24.5 

20.3 

17.8 

16.1 

bright 

Five or six weevils crawl up to the upper 
part of the plant very actively. One 
weevil flies short distance for the flrst 
time. One is resting in the shade. 

9.55 

26.3 

21.7 

18.8 

17.4 

» 

One more weevil tries to fly opening the 
elythra. Three weevils on leaves intend 
to fly in the- sunshine, but no flying is 
seen. 
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Time 

" SolTRid. 
Tbermom. 

Air* 

Soil- 

Simtihine 

Observation 

Black 

bulb 

White 

^Ib 

Temp. 

Temp. 

10.00 am. 

28.8 

23.5 

"C" 

20.5 

"C 

19.7 

bright 

One weevil is flying from a leaf to the 
glass wall of the frame. Eight are active 
on the glass. All weevils in tight are 
generally in full active condition. 

10.20 

34.3 

27.7 

23.6 

24.7 

»» 

Active crawling, flying and feeding are 
observed. 

10.45 

37.0 

28.5 

23.9 

24.5 

tt 

The flying is very active. 

10.50 

40.0 

31.0 

25.4 

25.6 


One weevil come from the field and at* 
taches to the outer side of the glass wall 
of the frame. It seems that the flying is 
also very active in the field. 

11.00 

41.2 

32.5 

27.3 

28.3 

>» 

All weevils are in full activity. 

11.30 

41.7 

33.2 

28.6 

31,7 

** 

Very active flying is seen. 

12.00 

40.5 

32.7 

27.4 

32.6 

ti 


1.00 pm. 

39.5 

31.8 

25.8 

29.0 



2.00 

41.5 

33.4 

26.7 

26.7 

M 


3.00 

37.8 

30.5 

25.1 

25.9 

>» 


4.00 

28.4 

25.5 

24.0 

24.3 


All weevils crawling on the glass and on 
the plant are in active condition. 

5.00 

21.5 

20.8 

20.6 

21.9 

shade 

12 weevils are crawling on the glass walk 
Four weevils are on the plant in active 
crawling, but no flying is seen. 

5.15 

18.0 

17.3 

17.5 

21.3 

** 

The activity is gradually weakening. Nine 
are on the plant crawling or feeding. 
Nine are on the glass wall. No flying 
is seen. 


No. 5 

23rd of May, 1937. 


4.50 am. 

6.7 

6.6 

6.3 

1 

7.7 

soft- 

sunbeam 

Only one WMvil crawb very slowly be- 
tween steins at the lower part of the 
plant. Others are still in the resting 
condition. 

4.55 

7.2 

6.9 

6.5 

7.7 

f 

tt 

Dormant one stands up on its feet. One 
resting between the stem and a petiole 
begins to crawl down on the ground. 

5.10 

8.3 

7.8 

7.4 

8,tf 

n 

The same weevil begins to feed on a 
flower-bud. 

5.15 

j 

8.5 

7.9 

7.5 

8.0 


One begins to crawl on the injured bud 
fallen on the ground. One is feeding on 
a fruit 

5.20 

8.7 

8.0 

7.6 

8.1 

i 

] 

*« 

The weevil testing in the comer of the 
gUss wall of the frame begins to crawl 
in the sunshine end then stops. 
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Tkao 

" sa : 

Ther 

baib 

ma ." 

mom. 

ma 

iwlb 

Air- 

Temp. 

Soii- 

Temp. 

Santhine 

Observation 


10.8 

8.9 

8.4 

“C 

6.6 

•oft- 

More one weevil is crawling about be 

5«45 

11.0 

9.7 

9.0 

9.0 

sunbeam 

If 

tween stems. Two are feeding on a fruit 
and on a flower-bud 

One resting in the comer of the glass 

6.15 

11.9 

10.5 

9.8 

9.6 

If 

begins to crawl slowlv in the sunshine. 
One weevil crawls up ftom the lower 

6.20 

12.3 

10.7 

10.0 

9.9 

.1 

part of a stem. 

More one weevil begins to crawl between 

6 t .25 1 

13.2 

11.4 

10.4 

10.0 

»s 

stems. 

Two crawl on the glass. 

6.30 

19.9 

11.8 

tl.o 

10.4 


One crawls up on a loaf. 

6.35 

15.5 

13.3 

12.1 

10.7 

M 

A few weevils migrate from the lowei 

6.40 

16.7 

14.2 

1 

13.2 

11.0 

»» 

part of the plant to the middle of the 
same. 

All weevils m sight are genet ally in slow 

6.45 

18.4 

15.4 

14.5 

1 

11.7 


crawling. 

Seven are on the plant» one of them i«« 

7.20 

17.7 

15.4 

14.7 

i 

i 

13.0 

>1 

fairly active. Three are on the glass 
One is feeding on a injured bud fallen 
on the ground 

Weevils in the sunshine are generally in 

7.24 

16.7 

14.6 

14.0 

13.0 


normal activity and one m the shade is 
not active. 

No crawlmg is seen. Three weevils aie 

7.38 

23.3 

18.9 

17.3 

14.5 

1 bright 

feeding. 

One weevil crawlmg on the glass wall 

7.45 

25.5 

20.3 

18.0 

16.0 

ft 

flies to the ground. The difference of 
the activity is distinctly seen between the 
weevils in the sunshine and those in the 
shade. 11 weevils are on the plant, fout 
of them are feeding. Five are on the 
glass. 

All weevils are under active condition. 

7.55 

27.7 

22.0 

19.7 

16.0 

If 

One weevil flies. 

H.IO 

25.8 

21.1 

19.6 

17,5 

cloudy 

One weevil tries to fly. 

8.18 

22.4 

18.8 

18.5 

17.6 

>. 

The said weevil flies from the leaf to the 

8.22 

25J 

21.3 

19.6 

17.8 

bright 

glass Wall and crawls actively. One on 
a stem tries to fly. 

One weevil tries to fly opening the elythra. 

8.15 

19.2 

23.6 

21.5 

20.0 

.* 

All weevil are under full active condition. 


0!) A few weevils wltkh had been already in the active condition 
wdre ehserved 4.50 am. on tha 18th of May and at 5.00 am. on 20th of 
tin ttm mMriii. In both days soil surface temperature, the air tempera- 
iKtt» rfn Dsading of the hladi bulb of die sdar radiation tiiermometer 

witM it rfnt time YkH above lOK^. Because it was cloudy in both days, 
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the solar radiant energy was very slight, though it was already after die 
sunrise, and the reading of the said black bulb was almost equal to the 
air temperature. It is, however, conceivable that the climatic condition 
of these both days was at about 5 am. in the suitable condition for the 
crawling of the weevil. 

(III) On the contrary it was cooler on the 7th, 22nd and 23rd of 
May than on both days above mentioned; and, consequently, we could 
not obsjerve any active weevils at all of 5.15 am., 4.55 am. and 4.50 am. 
The first slighdy crawling weevil was observed at the time when the 
reading of the black bulb was 7.2°C, the soil surface temperature being 
5.0°C and the air temperature showing 6.5°C. The average was 8.4*C, 
7.2°C and 7.3’C respectively. 

(IV) It seems very noticeable that die distinct difference in the process 
of the transformation from the resting condition to the active one was 
observed between the fine day and the cloudy day. In cloudy weather 
the said transforming process gradually and uniformly progresses all over 
the plant, while on the contrary, in fine weather, the progression is 
different in various places of die plant. In consequence, it is evidently 
shown that the weevil resting in the sunshine begins to move earlier 
than the one resting in the shade ; consequently it is observed very often 
that on one hand the weevils are already in full active at the place where 
the sun shines, but on the other hand the weevils which are in the shade 
do not move or show only very slight movement. 

(V) It is also noticeable that the crawling weevils often migrate into 
the place where the sun shines directly. 

(VI) When the air temperature rises above IS'C and the reading of 
the black bulb is above 20"C, the general activity of the Strawberry 
Weevil becomes active. Then the beginning of the flying was observed 
at about 19‘C of the air temperature and at about 25‘’C of the black 
bulb, the average being 18.0'’C and 24.8*C respectively. On the 7di of 
May the beginning of the flying of the weevil was observed at 8.40 am. 
and on the 22nd at 8.45 am. On the 18th of May the flying was not 
yet seen at 8.40 am., but on the 23rd it was already observed at 7.38 am., 
the weadim' being very fine. The first weevil beginning to fly, in the 
fine day, was always seen in the ras^ of the sun. 

(VII) As is distincdy shown in Table 2, dw feeding, the mating and 
the egg-laying begin in paraflel widi the beginning of the general activity ; 
accordingly the egg-laying activity seems to be iMoognized as an indeit of 
die general activity. 
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(Vni) Thu# in Ae daytime the crawling, the flying, the feeding, Ae 
mating and Ae egg-laying are very actively done. When the weaAer is 
cool and cloudy it is easily conceivable Aat the general activity is very 
weak and consequently no. flying is done through one day. On the 
rainy day Ae activity is almost inhibited as already seen in previous paper 
(Kato, 1937 a). 

Even in Ae fine weaAer the activity decreases gradually in the after- 
noon, but in this case Ae decreasing progression of the activity is very 
slow comparing with Ae increasing progression observed in the course 
passing from the night to morning. 

(IX) Some of the results obtained from the investigation measuring 
Ae locomotion velocity were tabulated in Table 3 and shown in Fip. 2. 


Table 3 

Locomotion velocity of the Strawberry Weevil measured under 
the field condition 


Time 

Velocity 

Solar Radla. Thermom. 

Air-tt*mp. 

Soil-temp. 

Sunshining 

cm./aec. 

Black hull) 

White bulb 

5»25 am. 

.210 

14..5X 

13.0T 

i3.(rc 

12.3'’C 

bright 

5.36 

.550 

19.8 

15.3 

14.8 

13.0 

M 

5.43 

.365 

16.0 

14.3 

14.6 

13.1 

cloudy 

6.35 

1.087 

26.8 

19.5 

20.0 

16.7 

bright 

7.25 1 

.986 

25.0 

21.8 

21.7 

23.5 

cloudy 

7.51 : 

1.429 

29.5 

24.0 i 

2.3.4 

24.5 

bright 

8.00 1 

1.667 

31.4 j 

25.7 ! 

25.3 

25.3 

„ 

8.4» 

1.250 

30.0 i 

25.9 

27.1 

28.2 

cloudy 

9.18 

2.000 

34.3 1 

27.9 

27.2 

29.5 

bright 

9.40 

1.842 

33.2 j 

27.5 

27.0 

30.9 



The locomotion velocity was represented by the climbing velocity as 
in previous paper (Kat 6, 1938). In fine weaAer the weevil becomes sud- 
denly active after daybreak and therefore the velocity of climbing increases 
raAiw rapidly. It is very oftmi observed ai|d noticeable Aat the climbing 
■vdocity u diminiAing when Ae passing cloud obscures the sun. The 
temperattire under field condition does never rise above Ae maximum 
tnapBMfime; liaut of activity of this weevil, i. e. 42.92T/, so that Ae 
lugher is Ae tattpcsalMce Ae more active is the activity of the said 
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and no duttering of the activity of «<taevjt caused by tHe high 
tesniterature is observed. 



Fig. 2 Correlation between the locomotion velocity of the 
Strawberry Weevil and the variation of the various temperaiure 
factors observed under the 6eld conditioh. V : Loopmotion velocity, 
A : Solar radiation, B : Air temperature, C ; Soli aarface temperature. 


DISCUSSION 

(1) According to the Parkeb’s investigation exeeuted on the Amerksan 
Grasshopper, Mekm^lvs mex&amt$ metdcanm Sausbubb gnd Caatmth 
p^ueida ScuDDER, ^ ahr temperature aiid the soil surfisce temjparatip'e 
at the time, when the beginimg <rf dm activity was noted, IdiTC 
and 26.rC nmpeetively in the case of the hmm and and SSiJIfC 

in the latter {Pabkbr. 19 ^). 

The effect of the phypical oenditkw df dhe 4|Ay)f<(KWMnt po 4*e imKtd 
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insects, e^NM^ally of the temperature, was clarified by Chapman 
end Cfdieni (Chapman, Mickel, Parker, Miller and Kelly, 1926). 
According to them, the temperature limit of activity is not the same for 
emdi insect, which comprises the sand dune insect fauna. For instance, 
the field condition SjAaragemon starts to move about at ]3.5°C of 
toe Air temperature and 14-19°C of the soil surface temperature, but in 
toe other hand the first Mierobetnbex was seen just at 18.5°C of toe 
former tempamture and 23^ of toe latter one. 

In the case of the Strawberry Weevil, the average air temperature, 
soil surface temperature and reading of the black bulb at toe time when 
toe beginning of the crawling was observed were 7.2°C, 7.3T and 8.4"C 
respectively. 

In these three cases mentioned above, the activity of the Strawberry 
Weevil begins at the lowest temperature. This fact suggests, that com- 
paring with the grasshoppers and the bembicid, the Strawberry Weevil 
is an insect adjusting itself to the low temperature. 

(II) Parker observed that the migration of the said grasshopper 
would alternately start and stop, according to toe absence or presence 
of passing cloud before the sun (Parker, 1930). Besides, it is very 
interesting to see that the larval swarms of Dodosturus maroccanus 
Trnbg. start their daily march when the temperature reaches about 
23-27‘’C and stop whenever it drops to the same level, owing to clouds 
or wind (Siviridenro, 1903). 

It is clearly mentioned that the Strawberry Weevil, which is re.sting 
in the (dace where the sun directly shines, begins to move earlier than 
the one resting in the shade. Besides, the weak active condition is very 
often obsm'ved in the shade, although the very active condition is already 
semi in the sunshine. The Strawberry Weevil which begins to crawl, 
dton migrates into the rays of the sun. In addition to these facts it is 
veiy ndticeable toat the diftorence between the cloudy and fine days is 
<d»erved in toe course of the transformation from the resting nocturnal 
cdiiiition to toe active diurnal condition. 

AoeottoiiB to these observations, it is permissible to conclude that the 
cl toe Strawberry Weevil exactly follow toe temperature reaction. 
Ih' toe case nf toe Strawberry Weevil, it is very important toat the climatic 
eettiKtonii transforming from toe night to the morning, is distincUy 
(tijitomt between^ toe fine day and doudy day. In otoer words, it is 
toat ^ solar radiant energy gives an important effect upon 
Weevil. 
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In spite of the sudden decreasing of the solar radiation, the activity, 
in the afternoon, is gradually weakened. This ia easily understood by 
the fact that the air temperature and the soil surface temperature, being 
raised by the preceding solar radiation, maintain the effective temperature 
zone of activity. In paralleling with the gradual lowering of the tempera- 
ture, the diurnal activity of this weevil passes slowly into the nocturnal 
condition. 

(Ill) If it is admitted that the general activity follows exactly the 
temperature reaction, the active Weevils may be observed in the night 
when the temperature is high and is suitable for the activity of the 
weevil. This is often observed as far as the evaporation or other me- 
chanical factors do not inhibit the said activity ; consequently the egg- 
laying is also recorded. One of these instances is shown in the experi- 
ment done from the evening of the 15th of May of 1936 to the morning 
of the following day (Table 4, Fig. 3). 

Table 4 

Egg-laying activity of the Strawberry Weevil during the 
period extending from 6 am. of the 15th of May 
to 10 am. of the following day. 


Time-interval 

Number of 
eggs 

Solar 

energy 

Soil- 

temperature 

Air. 

temperature 

Evaporation 

h h 

16/May. 6.00-10.00 

158 

97.9 

19. rc 

19,2'C 

5.0 

10.00-14.00 

290 

167.8 

28.5 

28.6 

11.9 

14.00-18.00 

192 

58.3 

26.1 

23.7 

5,0 

18.00-22.00 


— 1 

19.5 

15.6 

. 2,9 

22.00- 2.00 

16 


16.4 

12.4 


16/May: 2.00- 6.00 

55 


14.9 ' 

11*7 

1.4 

6.00-10.00 

76 

22.3 

14.8 

12.1 

2.0 


In this case the number of eggs laid was recorded at the interval of 
four hours. 60 eggs were laid in die experimental field during the period 
extending from 6 pm. to 10 pm. of the 15th of May, and, as shown by 
the record obtained at 2 am., 16 eggs were laid in the following four 
hours of that night. Besides, one female which had been laying an eggs 
was at that time observed. The above mentioned fact is easily recognized 
in the following, i.e. the temperature factors were widiin the effective 
temperature zone of activity of this weevil. But the fact, diat die number 
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Fig. 3. The egg-laying activity and the varia- 
tion of vaHoits climatic factors observed during the** 
period extending from Bam. of the IBth of May 
to 10 am. of the following day. S: Solar energy, 
A t Air temperature, B : Soil surface temperature, 
Ct Evaporation. 


of eggs laid is not so great 
as expected from the read- 
ing of the thermometer, may 
be explained by the evapora- 
tion. The close correlation 
shown by the evaporation 
in the night with the egg- 
laying activity is already 
seen in my previous paper 
(1937 a). Accordingly, it 
was proved that the weevil 
is active while it is keeping 
away from the dewpoint. 
At 2 am. of the 16th of 
May it was observed that 
a few water drops were 
attached to some straw- 
berry plants and one weevil 
embedded in a water drop 
attached on a peduncle. 
But the number of eggs 
laid during the following 
four hours reached as many 
as 55, as shown by the 
record of 6 am,, because 
the proper evaporation was 
made and the environmental 
condition was suitable for the 
action of the said weevil. 
Needless to say, no water 
drops were on the plant at 
6 am. Though it is evident, 
as mentioned above, that 
the egg-laying is done in 
the night when the environ- 
mental factors are suitable 
for weevils, the action of 
the weevil, being inhibited 
by the mechanical factors 
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such as water drops or low temperature, can not be generally observed 
during the night. 

Mating condition may also be done in the night under a good climatic 
condition. This was already recognized by Kinoshita and Shinkai (1926). 

It is very noticeable that Rockwood (1925) recorded the flight of 
grasshopper at night when the air temperature was about 26.7’C, and 
this was not uncommon during warm weather. 

(IV) Consequently, it seems to be doubtless that in the case of the 
Strawberry Weevil the diurnal rhythm of the light intensity of the sun 
is not so much important for the diurnal activity of the weevil. This is 
also known by the laboratory experiment. Some Strawberry Weevils and 
plants were confined in a dark box and reared in a 23'’C-thermostat. In 
this experiment many injured flower-bud oviposited by the weevils were 
noted, and the active flying was recognized by the sound clashed against 
the inner side of the box, and, moreover, the crawling trace was recorded 
on the smoked paper settled in the dark box. 

(V) As mentioned above, it is permissible to conclude that the activity 
of the Strawberry Weevil goes mainly with the temperature reaction. 
That is to say, the diurnal rhythm of the activity of die said weevil is 
influenced, first by the temperature factors, such as the solar radiant 
energy, the air temperature and the soil surface temperature, and second 
by other various factors. 

ECOLOGICAL MEANING OF THE SOLAR RADIANT ENERGY 

We have learned that the solar radiant energy is most effective upon 
the egg-laying activity of the Strawberry Weevil (Kat6, 1937 a, 1937 b) 
and, moreover, it may be permissible now to extend this (H>inion to the 
general activity of the said weevil. 

By comparing the reading of the black bulb of the solar radiation 
thermometer, the air temperature and the soil surface temperature, at 
which the first individual, under field condition, begins to crawl, with the 
temperature, at which the weevil begins to crawl under the gradually 
rising temperature in the laboratory work (Kat6, 1938), we are able to 
determine the important effect of the solar radiant enm'gy; upioa the 
activity of the weevil. Under the fidd condition, the air ten^evatme 
and the soil surface temperature and the reading of the Uadk bulb, tft 
which the beginning of crawling was noted, were SjCTC, 6.5*C and 
respectively. Now, in the laboratory work, the weevil can newer iKgin 



STRAWBERRY WEEVIL AND SOLAR ENERGY 


527 


to crawl under such a temperature as 6.5‘C; consequently, it is very 
difficult to recognize tiiat the temperature at G.S'C or 5.Q‘C brings the 
beginning of the activity under the field condition. Furthermore, the 
i ndi vid u als, resting in the . sunshine, begin to crawl ealier than those 
resting in the shade. It is suggested from the above mentioned that the 
solar radiant energy gives an influence directly upon the activity of the 
said weevil and, therefore, the reading of the black bulb, at 7.2‘’C, 
represents the exact temperature factor influencing the activity. That 
the moving weevil was already seen at 4.50 am. on the 18th of May and 
also at Sam. on the 20th of the same month is rational, because the 
reading of the black bulb was above 10°C, which is higher than the lowest 
limit of die normal activity i. e. 9.70°C. 

In the fine cool morning, the weevils, resting in the sunshine, begin 
to crawl earlier than the other resting in the shade, and the slowly 
crawling weevils often migrate into the rays of the sun. In the cloudy 
morning, the resting condition gradually and uniformly changes into the 
active one. These facts may prove the important effect of the solar 
radiant energy upon the activity of the weevil. Accordingly, to say the 
least, in the fine weather, the activity of the Strawberry Weevil depends 
mainly upon the solar radiant energy in addition to the environmental 
air temporature. This is, moreover, emphasized by the followings. 

Now it is very important to discuss the relation between the locomo- 
tion velocity shown in the field experiment and the one obtained in the 
laboratory experiments. This results is shown in Fig. 4. (A) represents 
the result obtained by the laboratory work und^ the gradually rising 
temperature (Kat6, 1938). If the weevil crawls under the field condition 
depending upon the environmental air temperature, the velocity under 
various temperature is plotted as shown in {B), but if depending upon 
the solar radiant energy, it is shown in (C). We can see from Fig. 4 
that the locomotion velocity was influenced not only by Ae environmental 
air tanperature, but directly by Ae solar radiant ena'gy. It is also sug- 
gested that Ae fairly large absorption power of Ae heat energy may 
be recognized in Ae case of Ae Strawberry Weevil. This fact is also 
distinctly seen from Table 3 and Fig. 2. It is cleariy indicated Aat Ae 
locomotion velocity has a close relation with the reading of the solar 
raAation Aermometar. It was already mentioned that Ae climbing velo- 
city is diminished when passing clouds obscure Ae sun. It seems Aat 
this depends exactly upon Ae sudden decreasing of Ae solar energy as 
known from Ae reading of Ae black bulb. Gmsequently, Ae air tern* 
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perature and the soil surface temperature, which are not influenced by 
passing clouds, are not so much noticeable. Besides, th(‘ comparison of 



Fif?. 1. Loromotion volocily of the Strawbi!rry Weevil measured under the field 
condition and in the laboratory. 


the temperature at which the beginning of the flying, measured under 
the field condition with that obtained by the laboratory work, is very 
important. Under the field condition the first flying begins at 18°C of 
the air temperature and 24.8 'C of the black bulb, when, in the laboratory 
work, it is at 22.8°C. It is easily conceivable that under the field condi- 
tion the first flying is not brought by the air temperature, but directly 
by the influence of the solar radiant energy. Actually, in the laboratory 
work, the flying is never seen under such condition when the environ- 
mental temperature is 18°C. 

The solar radiant energy has never been recognized as one of the 
environmental factors in the field of ecology. Nevertheless, this is actually 
important as already mentioned. The fact diat most of the diurnal insects 
are very active in the fine weather and that this depends mainly upon 
the temperature factors is generally well known. But it seems that the 
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soJar radiant energy has not ever almost been taken up as one of the 
temperature factors. 

Considering from the present ecological investigation made on the 
activity of the Strawberry Weevil, it seems to be very important to take 
the solar radiant energy as one of the temperature factors. The investi- 
gation on the body temperature executed in the case of grasshopper by 
Bodenheimer (1930) seems to suggest the above mentioned idea. More- 
over, this idea may also give an important temperature factor to the 
opinion expressed by Uvarov (1928), i. e. the effect of the environmental 
temperature is not given directly upon the activity of the insect, but in- 
directly through the body temperature. 

SUMMARY 

1. In the present paper, the diurnal activity of the Strawberry Weevil, 
Anthonomus bisignifer Schenkling, especially th<i process transforming 
from the nocturnal resting condition to the diurnal active condition, was 
dealt with, and at the same time, the relation between the said activity 
and the temperature factors was investigated. 

2. Under the field condition the Strawberry Weevil begins to move 
and transforms from the resting condition into the active one when the 
reading of the black bulb of the solar radiation thermometer, the air 
temperature and the soil surface temperature are 8. rC, 7.2°C and 7.3°C 
respectively. 

3. In the cloudy weather the said transformation progresses uniformly 
and gradually all over the strawberry plants. But, on the contrary, in 
the fine weather the progression is not uniform ; the individual resting 
in the sunshine begins to crawl earlier than the others resting in the 
shade. 

4. When the air temperature and the reading of the black bulb of 
the solar radiation thermometer rise up to 18°C and 24.8“C, the beginning 
of the flying is noted. The weevil which was crawling in the sunshine 
begins to fly first. 

5. It is very often observed and noticeable* that the locomotion velo- 
city diminishes when the passing cloud obscure the sun. 

6. The diurnal rhythm of the activity of the said weevil seems to 
depend mainly upon the diurnal variation of the temperature factors, 
such as the air temperature, the soil surface temperature and the solar 
radiant energy. The effect of the solar radiant energy given upon the 
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activity of weevil in the daytime is very noticeable. In the uiKisoally 
warm night the weevil is active as in the daytime. 

7. Finally, the meaning of the solar radiant energy in the ecological 
investigation was discussed. It may be conceivable that the solar radiant 
energy which has ever been neglected is a very important temperature 
factor, as in the cases of the air temperature and the soil surface 
temperature. 
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Many biologists had been interested in the digestive enzymes of 
coelenterates from old times (Houaro 1851, 1854; Lewes 1859). As 
to tile digestive processes in actinians, Metschnikoff (1880) first reported 
that the intracellular digestion takes place in the cells lining the mesenteric 
filament of SagarUa and Aiptasia from his experiments with carmine. 
Krgkenberg (1881, 1882) concluded that digestion occurs at the surface 
of contact between the filament and the food in actinia. Chapeaux (1893) 
was in agreement with Krukenberg, but recognized, nevertheless, the 
presence of weak proteolytic enzymes in the gastric fluid of Sagartia, 
AMmonia, and Heliactis. 

Mesnil’s observations (1893) showed that digestion in actinia is not 
so much dependent upon the contact of the filaments with the food as 
upon the absorption of the food stuffs within the amoeboid cells lining 
the mesenteric filaments. Jordan (1907) reasserts that slight digestion 
occurs in the gastric cavity of actinia, Anemonia sulcata. Bodansky 
(1924) concluded that in Medium the digestive enzymes occur, for the 
most part, intracellularly. However, partial disintegration of foods may 
take place within the digestive cavity as a result of autolytic changes 
and to some extent by extracellular enzymes having their origin in the 
calls lining the mesenteric filaments. Recently, Ishida (1936) reported 
that in AcHnia mesembruarUhemum the extracellular digestion takes place 
witii tbe aid of much slime. 

JP^ntoERlCQ (1878) reported the presence of a trypsinJike enzyme in 
mesenteric filament extract of actinians. Krukenberg (1881) confirmed 
tile presence of a tryptic enzyme in the glycerine extract of myenteric 
fSament cd actinians and the tnesence of an enzyme to digest tiie raw 
fibrin in tile glycerine or water extracts of the mesenteric filament of 
Sagiit^ and Aitifiea. And also he reported the presence of an active 
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peptic en 2 yine to digest the raw fibrin completely at 38°C in presence of 
0.2 per cent HCl within | to 1 hour in the water extract of the mesen- 
teric filament of Cerianthus cylindrieus, but denied the presence of a 
tryptic enzyme in that extract of this form. Chapeaux (1893) states that 
the albuminoid was digested to peptone by the cell elements of the gastric 
cavity, and points out the presence of a protease (tryptic enzyme) in the 
mesenteric filament extract of actinians which digests the fibrin in alkaline 
or very slightly acid medium which is inactive in strong acid one. Finding 
tyrosine in the digestive products -by the mesenteric filament extract of 
Adamsia rondeletti, Mesnil (1901) confirmed the presence of a protease 
in that extract. 

Abderhalden and Heise (1909) detected peptolytic enzyme (poly- 
peptidase) in Actinia equina by using silk-peptone (glycyl-l-tyrosine) as 
substrate. Bodansky (1924) showed that in the mesenteric filament 
extract of Metridium marginatum pepsin is present in but minute traces 
and trypsin is the predominant proteolytic enzyme. Sawano (1931) re- 
ported the presence of a protease to digest gelatine and peptone at 
optimum pH 6.9 and 7.9 respectively in the gastric filament of sea ane- 
mone, Actinodendron. Finding tyrosine and tryptophane in the digestive 
products by the sea water extract of mesenteric filament of Adamsia 
rondeletti or Anemonia sulcata, Abderhalden (1932) confirmed the pre- 
sence of a tryptase in that extract. 

Krukenberg (1881) reported the presence of a peptic enzyme in the 
tentacle extract of Actinia mesembryanthemum. Mesnil (1901) denied 
the presence of a protease in the tentacle extract of Adamsia rondeletti. 
Mesnii. (1901) could not detect protease in the extract of the oesophagus 
of Adamsia rondeletti. So far as I am aware, there is no precise informa- 
tion with regard to the enzymes in the stomodaeum of actinians. 

Chapeaux (1893) recognized the presence of a'weak proteolytic enzyme 
in the gastric fluid of Sagartia, Anemonia and Heliactis. Jordan (1907) 
reports that slight digestion takes place in the gastric cavity of Anemonia 
sulcata. Bodansky (1924) showed that the fluid removed from the gastro- 
vascular cavity of Metridium marginatum, after filtration, exerts no measur- 
able digestive effect on proteins. On the other hand, such fluid, if un- 
filtered, is capable of digesting^ gelatine in neutral or slightly alkaline 
solutions. Quite recently, Ishida (1936) confirmed the presence of tryptase, 
pepsinase and ereptase (dipeptidase) as pro tsd i yt i c easgmm net on^ in liw 
unfiltered gastric fluic^ bet also in the ‘filtered gastric fluid of AcUnia 
mesemhryanthemum and reported that the enzymes in the gastric fluid 
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have the origin from the cells lining the mesenteric filament. 

In the present paper I have reported th(‘ experiment on the proteolytic 
enzymes in Cribrina artemisia (Dana), which was collected near the Marine 
Biological Station, Asamushi,.Aoniori-Prefecture. The experiment was carried 
on at the Biological Institute of Tohoku Imperial University at Sendai. 

Here I must express my heartiest thanks to Prof. S. Hatai and Dr. 
T. Koizumi for their kind guidance throughout the course of this work, 
and to Prof. S, Hozawa who gave me anatomical advices, and also to 
Prof. T. Uchida of the Hokkaido Imperial University for his kind identi- 
fication of the actinian. 


EXPERIMENTS 
The Enzyme Solution 

The actinians were killed 4 days after capture during which time no 
food was given. Gastric fluid was taken by cutting the base of actinians 
with scissors, or, by inserting a spoit into the gastric cavity, care being 
taken not to injure the filament. The fluid was then put into an hrlen- 
meyer’s flask, adding chloroformtoluol mixture (1:1) as an antiseptic. 
The filtrate through four sheets of gauze is “ unfiltered gastric fluid ’ 
and the filtrate through filter paper “ filtered gastric fluid Mesenteric 
filaments, tentacles and stomodaeum were freed from foreign tissues, 
washed with sea water, and weighed after removing the water by filter 
paper. Then ground in a mortar to paste with quartz sand, and mixed 
well with the 87 per cent glycerine of 3 or 5 times its weight. The 
glycerine extracts were kept in Erlenmeyer’s flask with a stopper, adding 
few drops of antiseptic to prevent putrefaction, and placed in a dark 
place at room temperature for 3 days and centrifuged. The supernatant 
fluids, with antiseptic, were kept in the ice-box and diluted twice or thrice 
with distilled water before use. 

The numbers of whole body and the weight of materials for enzyme 
solution in six instances were as follows : 


No. of body 

m.f. gr. 

Tentacle gr. 

stom. gr. 

Fra: 

(unfiltered 4- fil tc red ) 
cc. 

43 

5.4 

2.3 

3.2 

ca. 44 

52 

4.67 

2.4 

1 2.56 

30 

36 

6.35 

0.15 

3.65 

M 25 

34 

7.86 

3.35 

! 6.82 

25 

63 ; 

7.2 

0.7 

9.7 

70 

55 

5.0 

1.42 

9.8 

.. 60 

Sum 283 

36.48 j 

10.32 

36.73 

254 
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Substrates used are as follows: Gelatine after Dr. G. GrDblbr; n- 
chloracetyU-tyrosine after Drs. Frabnkel and Landau ; dl-lew^btdycyl- 
glydno after Drs. Fraenrel and Landau ; glycyl-glycine after Dr. 
Fraenkbl. 

Method of die Estimation of the Protedytk Activity 

Digestivity was estimated by the ordinary Willstatter’s titration method, 
and thymolphthalein was used as tjhe indicator. The titration was carried 
on as follows : 0.5 cc. of digestive mixture is poured into a test-tube and 
0.5 cc. of 0.1 per cent indicator in absolute alcohol and 4cc. absolute 
alcohol are added, and titrated with micro-burette by 0.02439 N (or 
0.03252 N or ca. 0.04 N) KOH in 90 per cent alcohol to a distinct 
coloration stirring with COi-free air bubbling in the dark room, ph of 
the digestive mixtures was thus estimated : 4 or 5 cc. of the mixture were 
centrifuged and the supernatant fluid itself or it diluted twice with about 
0.1 M NaCl solution was colorimetrically estimated, before or after the 
digestion. 

Note 1. A drop of antiseptic is added invariably in every case. 

Note 2. Control experiments were set parallel with the boiled enxymes and 
negative results were obtained. 

Detection and Optimum pH of the Proteolytic Enzymes in 
the Various Sources 

The digestion of gelatine, dl-leucyl-glycyi-glycine, n-chloracetyl-l-tyrosine 
and glycyl-glycine are tested in various sources such as, mesenteric filament, 
stomodaeum, tentacle, unfiltered and filtered gastric fluid, by the methods 
just stated and the results obtained are shown in Tables 1, 3,‘ 5, 9, 11 
and 13, Figs. 2 and 3. 

The effects of pH on the digestive activity of the enxymes were in- 
vestigated in the extracts of mesenteric filament and stomodaeum and 
the results obtained are shown in the following tables and figures (Tables 
2, 4, 6, 7, 8, 10, 12 and 14, Figs. 1, 4, 5, 6, 7 and 8). 

RESULTS 
1. Pqifsnuae 

a) Detection of Pepsinase. 

The procedure and results are shown in Table 1. 
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Table 1. 

Detection of Pepsinase. 



1 

1 




0.02439 N KOH in cc. 



No. 

1 

i 

Samples i 

Time 0 

After 

1 day 

1 Increase 

1 after 

1 1 day 

After 

5 days 

Increase 

after 

5 days 

After 
10 days 

Increase 

after 

10 days 

1 

j Mesenteric 
filament 
extract 


1.31 

1.32 j 

0.01 

i “ ! 

1.37 

0.06 i 

1.50 

0.19 


Cont. 

1.23 

1.23 

0.00 

1.2i 

0.01 j 

1.24 

0.01 

o 

Stomodaeum 


1.18 

1.18 ! 

0.00 

1.18 

0.00 1 

i 1.18 

0.00 


extract 

Cont. 

1.15 

1.15 

0.00 

1.15 

0.00 j 

1.15 

0.00 

o 

Tentacle 

1 

1 

1.17 

1.17 

0.00 

1.17 

0.00 

1.17 

0.00 


extract 

Cont. 

1.17 

1.17 

0.00 

1.17 

0.00 

1.17 

0.00 

A 

Unhltored 

1 

1 

1.14 

1.14 

0.00 

1.18 

0.04 

1.21 

1 0.07 


gastric fluid 

C^nt. 

1.15 

1.15 

0.00 

1.15 

0 00 

1.15 

1 0.00 


Filtered | 


1.12 

1.12 I 

0.00 

1.18 

o.Ofi 

1.20 

0.08 

0 

' gastric fluid | 

Cont. 

1.09 

1.09 

0.00 ; 

1.10 

0.01 

1.10 

1 0.01 


1 cc. enzyme solution + 2 cr. buffer solution (S0rensen’.s M/IO citrate-N/lO HCI, 
pH 1.418)4- 1 rc. gelatine solution. Kept for 10 days at 37"C. 0..5cc. of diges- 
tiv<‘ mixture is titrated by Willstiitter's method. 


It shows that pepsinase is absent in the extracts of tentacle and stomo- 
daeum but found in other sources, 
b) Optimum pH of Pepsinase. 


Table 2. 

Effect of pH on the activity of pepsinase. 




buffer 

solutions 


0.02439 N KOH in cc. 

No. 

Buffer 

solutions 

Time 

0 

After 
1 day 

After 
5 days 

Time 

0 

After 
1 day 

In- 

crease 

after 

1 day 

After 
5 days 

In- 

crease 

after 

5 days 

After 

10 

days 

In- 

crease 

after 

lOdays 

1 

Citrate- 

Ha 

1,038 




1.41 

1.41 

0.00 

1.43 

0.02 

0.54 

0.13 

2 


1.418 

2.27 


2.3 

1.31 

1.32 

0.01 

1.37 

0.06 

1.50 

0.19 

3 

»l 

1.925 

2.8 

2,8 


1.30 

1..S2 

0.02 

1.35 

0.05 

1.41 

0.11 

4 


2.274 



i 

1 1.29 

1.31 

0.02 j 

1.33 

0.04 

1.36 

0.07 

5 

»» 

2.972 

i 


t 

1.35 

1.35 

0.00 

1.36 

O.Ol 

1,42 

0.07 

6 


3.529 

i 



1.33 

1 1.33 

0.00 

1.83 

0.00 

1.39 

0.06 

7 

•• i 

3.948 





1.31 : 

1.31 

0.00 

1.31 

1 0.00 

1.37 

0.06 


Icc. enzyme solution 4* 2 cc. buffer solution of varying pH value+lco. gela- 
tine aolution* Kept for 10 days at 37 'C. O.Bcc. of digestive mixture is titrated by 
WiUstItter’s method. 
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pH of >>uffer solutions 


• Titration of 5-day samples: o Titration of 10-day samples 
Fig. 1. Showing the pH optimum curve of |iet>sinase in 
the mesenteric filament extract, based on Table 2. 

As seen in Table 2 and Fig. 1, the optimum reaction of pepsinase 
the mesenteric filament on gelatine was 2.3. 

2. Cathepsin 

a) Detection of Cathepsin. 

Table 3. 

Detection of cathepsin. 


0.03252 N KOH in cc. 


No. 

Samples 

Time 0 

After 

1 day 

Increase 

after 

1 d«y 

After 

3 days j 

Increase 

after 

3 days 

1 

Mesenteric 

i.ei 

1.26 

0.06 

1.37 1 

0.16 

filament extract 

Cont 0.98 

1.00 

0.02 

1.02 

0.04 

2 

Stomodaeum 

extract 

1.15 

1.16 

0.01 


0.01 

3 

Tentacle extract 

1.16 
Cont. 1.00 

1.24 

1.00 

0.08 

0.00 

l.dO 

1.00 

o.u 

0.00 

4 

Unfiitered gastric 
fluid 

1.03 

1.03 1 

0.00 

1.03 

0.00 

5 

Filtered gastric 
fluid 

1..06 

I 

1.05 

0.00 

1.05 

1 

0.00 


0.5 cc. enzyme solution -^0.5 cc. \% cyateine hydrochloride aolutioiicf 2 ec* buffer 
solution (M/5 Na 2 HPO< 2 HfO-M/iO c|tric acid, pfi 5.0)*f2cc. gelatine Kdu* 
tion.^ For Uie control eaepertment tlfO Insteiul of cysteine hythtKshlorkle soliilioifi 
is added. They are kept for 3 days it STC 03 cc. of digestive mlxtifre is 
titrated by Willstfitter’s method. * pH e{ the resoltiiiig solution was found to be 
4.8. 
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Effect of cysteine hydrochloride solution on the proteolytic activity of 
die extracts of various sources is examined. The method and results are 
shown in Table 3, Figs. 2 and 3. 



Days 


Fig. 2, Showing the effect of cysteine 
hydrochloride solution on gelatine diges* 
tion by the extract of mesenteric filament, 
ba.sed on Table 3. 



Fig, 3. Showing the effort of cysteine 
hydrochloride solution on gelatine diges- 
tion by the extract of tentacle, based on 
Table 3. 


Gelatine digestion by the extracts of mesenteric filament and tentacle 
is accelerated obviously by the presence of cysteine hydrochloride solution 
at about pH 5.0, this fact proves the presence of some cathepsin-like 
enzyme in these sources. 

b) Optimum pH (rf Cathepsin. 

Effect of cysteine hydrochloride solution on the pH optimum curve 
for the digestion of gelatine by the extract of mesenteric filament is 
shown in Table 4 and Fig. 4. They show that its optimum reaction is 
4.8. 
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Table 4. 

Effect of pH on the activity of cathepsin. 




pH of 

pk of digestive 
mixtures at STC 

0.03252 N KOH in cc. 


No. 

Buffer solutions 

buffer 

solu- 

tions 

Time 

0 

After 
1 day 

After j 
3 days! 

Time 0 

After 
1 day 

fn- 

crease 

after 

1 dayi 

After 
3 days 

In- 

crease 

after 

3 days 

1 

Na 2 HP 04 - 2 H 20 . 
citric acid 

4.6 




1.42 
Cont. 1.18 

1.43 

1.18 

0.01 

0.00 

1.52 

1.18 

0.10 

0.00 

2 


5.0 

4.8 

4.8' 

4.75 

1.23 
Cont. 0.98 

1.25 

1.00 

0.02 

0.02 

1.39 

1.02 

0.16 

0.04 

3 

•• 

5.6 



! 

1.03 
Cont. 0.85 

1.03 

1.06 

0.00 

0.21 

1.12 
1.23 1 

0.09 

0.38 

4 

- 

j 6.0 


1 


0.96 

0.96 

0.00 

1.01 

0.05 


0.5 cc. enzyme solution + 0.5 cc. l^a cysteine hydrochloride solution + 2 cc. buffer 
solution of varyinf? pH value+2cc. 3^ gelatine solution. For the control experiments 
HjO instead of cysteine hydrochloride solution is added. They are kept for 3 days 
at 37*0. 0.5 cc. of digestive mixture is titrated by Willstattcr's method. 





Effect of cysteine 

hydrochloride solution 
Without cysteine 
hydrochloride solution 

• Titration of 1-day 
samples 

o Titration of 3-day 
samples 


5 6 

pH of buffer solutions 

Fig. 4 Showing the pH optimum curve of cathepsin in the mesenteric filament 
extract with or without cysteine hydrochloride solution, based on Table 4. 
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3. Tryptme 

a) Detection of tryptase. 

Table 5 shows that tryptase is found in the extracts of mesenteric 
filament and stomodaeum aiid unfiltcred gastric fluid. 


Table 5. 

Detection of tryptase. 


No. 





f).02439 N KOH in cc. 




Samples 

I Time 0 

After 
1 day 

Increase 

after 

1 day 

After 
3 days 

Increase 

after 

3 days 

After 
4 days 

After 

10 

days 

Incieasc 

after 

10 days 

1 

Mesenteric 
filament extract 

Cont. 

1.30 

1.20 

1.86 

1.20 

0.56 

0.00 

1.91 

1.20 

0.61 

0.00 


i 

1 


2 

Stomodaeum 

extract 

Cont 

1.02 

1.03 

1.13 

1.03 

0.11 

0.00 

1.20 

i.a3 

0.18 

0.00 



i 

3 

Tentacle extract 

Cont. 

1.01 

1.00 

1.01 

1.00 

0.00 

0.00 

1.02 

1.00 

0.01 

0.00 



1 O.Ofi 

4 

Unfiltered gastric 
fluid 

Cont. 

1.53 

1.42 

1.53 

1.42 

0.00 

0.00 



1.54 

1.42 

1.59 

1.42 

j 0.00 

5 

Filtered gastric 
fluid 

Cont. 

1.51 1 
1.48 ' 

1.51 

1.48 

0.00 j 
0.00 



1.52 
1.48 ! 

1.54 

1.48 

i 0.03 

1 0.00 


1 cc. enzyme iolulion+2cc. buffer eolution (M/10 glycwolI-'-M/lO NaCI — NtiO 
NaOH, pH 8.52)+ 1 CC. 3^0 gelatine solution. Kept for 10 days at 3TC. 0.5 rc. of 
digestive mixture is titrated by WillstStter's method. 

Note: In both unfiltered and filtered gastric fluids pH 8.18 (glycocoll-NaChNaOH) 
instead of pH 8.52 was employed. 

b) Optimum pH of tryptase in the mesenteric filament extract. 


Table 6. 

Effect of pH on the activity of tryptase {phosphate buffer). 


No. 

Buffer solutions 

pH of 
buffer 

pH of digestive 
mixtures at 37°C 

0.02i39 N KOH in cc. 


After 

1 day 


After 

1 day 




solutions 

Time 0 

Time 0 

Increase 

1 

Na8HP04KH5P04 

5.589 



0.91 

1,23 

0.32 

2 

M 

5.906 



0.92 

1.25 

0.33 

3 


6.468 

6.35 

6.25 

0.81 

1.30 

0.49 

4 

»» 

6.979 



0.75 

1.21 

0.46 

5 

1* 

7.381 



0.67 

1.12 

0.45 

6 

• f 

8.043 



0.62 

1 

1.01 

0.39 


Icc. enzyme solution+2cc. buffer solulion of varying pH valuc+lcc. 3?,; 
gelatine solution. Kept for 1 day at srC. 0.6 cc. of digestive mixture U titrated 
by Willitiltter's method. 




SiQ 

As shown In TaUcs 6, 7 and $ and F^. 5, the <qpitiiBuni readion of 
tryptase in the mesenteric filament on gdatine was found to be 6.3 
{phosphate buffer), 7.0'~^.75 (glycocoll buffer) and 7.3 (borax-boric acid 
Iraffer). 


1'abi.e 7. 

Effect of pH on the activity of tryptaae (gfpcocof/ buffer). 


No. 

Buffer solutions 

1 pH of 
buffer 
solutions 

of digestive 
mixtures at 37®C 

0.02439 N KOH m rc. 


Time 0 

1 After 

1 day 

Increase 

1 

GlyeocoU-NaCI-NaOH 

7.5 

■ ” 1 ' 

1.35 

1.74 

0.39 

2 


8.18 

7.0 I 6.75 

1.27 

1.80 

0.53 

3 


8.52 ' 

1 

1.17 ! 

1 1.69 

[ 

0.52 

4 

! 

, 8*82 


1.00 j 

i 1.45 

0.45 

5 

1 

f* 

9.66 

1 

1 

1 0.57 

1 0.90 

0.42 


Icc. enzyme solution + 2 cc. buffer solution of varying pH value •flee. 3^ 
gelatine solution. Kept for 1 day at 3TC. 0.5 cc. of digestive mixture is titrated 
by Willstfttter’s method. 


Table 8. 

Effect of pH on the activity of tryptase {borax-boric acid buffer). 



Buffer 

solutions 

pH of 
buffer 
solutions 

pit or digestive 
mixtures at BTC 


0.02439 N KOH in cc. 

Increase 
after 
46 hrs. 

No. 

Time 0 

After 

1 day 

Time 0 

After 

1 day 

Increase 

alter 

1 day 

After 
46 hrt. 

1 

Borax*boric 

acid 

6.77 



2.65 

2.73 

0.08 



2 

§9 





2.76 

0.16 

2.81 

0.21 

3 

»> 

7.60 



2.45 

2.75 

0.30 

2.83 

0.38 

4 

tf 

7.94 



2.29 

2.67 

0.38 

2.73 

0.44 

5 

t» 

8.51 

7.8 

7.8 

1.98 

2.41 

0.43 

2.48 

0.50 

6 

*P 

8.98 



1.63 

2.08 i 


2.13 

0-60 

7 


9.24 



1.41 

1.82 


1.88 

0.47 


1 CC. enzyme solutbm 4*200. bidfer aolation of varying pH va]ue4-l ec. 3^ gelatine 
solution Kept for 46 hfs. at 37*C. 0.5ce. of digestive miatiiie is titraieii by WiU- 
•titter's method. 
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Fig. 5. Showing variation of pH-rffert due to different buffers for the pH optimum 
curve of tryptase in the mescntoiie filament extract, based on Tables 7 and 8. 

4. AmifUhpolypeptidase 
a) Detection of amlno-polvpeptida.se. 


Table 9. 

Detection of amino-pnlypeptidasc. 



1 

1 


0.04 N KOH in cc. 


No. 

i 

Samples 

Time 0 

1 

After 

1 day 

) Increase 
' after 

1 1 '•“y 

After 

4 days 

Increase 

after 

4 days 

1 

2 

S 

4 

Mesenteric filament extract 
Stomodaeum extract ^ 

Tentacle extract i 

Unfiltored gastric fiutd , 

Filtered gastric fluid j 

0.38 

0.39 

0.39 

0.42 

0.43 

0.43 

0.43 

o.;i9 

0.42 

0.43 

0.05 

0.04 

0.00 

1 0.00 

1 0.00 

0.54 

0.50 

0.41 

0.46 

0.46 

0.16 

0.11 

0.02 

0.04 

0.03 


Ice. eratyme iohitiofi-b2cc. buffer solution (M/15 phosphate mixtures, pH 7.877)-4* 
I cc. dl-Iettcyl*glycyl*glyclnc-h0.1 N NaOH 0.06 cc. Kept for 4 days at 3T’C. 0.5 cc 
of cUgsalive mixture is titrated by Willstltter's method. 
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Table 9 shows that amino-polypeptidase is found in the extracts of 
mesenteric filament and stomodaeum. 

b) Optimum pH of amino-polypeptidase in the mesenteric filament 
extract. 


Tabi-e 10. 

Effect of pH on the activity of aminopolypeptidase. 


No. 

Buffer solutions 

pH of 
buffer f 
solutions 

1 pH ot dtges- 
1 tive mixtures 
*• at 87T. 
(Time 0) 

0.04 

Time 0 

N KOH Ir 

After 

1 day 

1 cc. 

Increase 

1 

GlycocolI-NaCI-NaOH 

8.18 


1.07 

1.07 

0.00 

2 

Sf 

8.52 


1.01 

1.05 

0.04 

3 

S9 

8.92 

j 

0.84 

1 0.96 

0.12 

4 

l» 

9.66 

8.6 

0.58 

0.72 

0.14 

5 

• 1 

9.99 

8-7 

0.52 

0.68 

0.16 

6 

M 

10.54 

8.75 

0.46 

0.61 

0.15 

7 


11.02 

i 

0.40 

0.53 

0.18 


1 cc. enzyme solution +2 cc. buffer solution of varying pH value^-l cc. 2^o dMeucyb 
glycyl-glyrine solution. Kept for 1 day at 37*C. 0.5 cc. of digestive mixture is titrated 
by Willstfittor’s method. 



Fig. 6. Showing the pH optimum curve of digestion 
of dl-leucyhglycyl-glyctne by the mesenteric filament extract, 
based on Table 10, 

As seen in Table 10 and Fig. 6 the optimum pH of amino-polypeptidase 
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in the mesenteric filament was 8.7. 

5. Carboxy-polypepHdase. 

a) Detection of Carboxy-polypeptidasc. 

The procedure and results are shown in Table 11. 

It shows that carboxy-polypeptidase is proved only in the mesenteric 
filament extract. 


Table 11. 

Detection of carboxy-polypeptidase. 


No. 



0.04 N KOH in cc. 


Samples 

Time 0 

After 

1 day 

Increase 

after 

1 day 

After 

3 days 

Increase 

after 

3 days 

1 

Mesenteric filament extract 

0.46 

0.55 

0.09 

0.58 

0.12 

2 

Stomodaeum extract 

0.44 

0.45 

0.01 

0.45 

0.01 

3 

Tentacle extract 

0.44 

0.44 

0.00 

0.45 

0.01 

4 

Unfiltered gastric fluid 

0.62 

0.63 

0.01 

0.62 

0.00 

5 

1 Filtered gastric fluid 

0.62 

0.62 

0.00 

0.62 

0.00 


" 1 cc. enzyme solution+2 cc. buffer solution CM/IO glycocoll-M/10 NuCI-N/lO NaOH, 
pH 9.99)+ 1 CC. 2/^ ii'chloracetyl'l'tyrosinc. Kept for 3 days at 37”C. 0,r>cc. of 

digestive mixture is titrated by Willstiitter’s method. 


b) Optimum pH of carboxy-polypeptidase in the mesenteric filament 
extract. 

Table 12 and Fig. 7 show that optimum pH of carboxy-polypeptidase 
was 8.15. 


Table 12. 

Effect of pH on the activity of carboxy-polypeptidase. 


No. 

Buffer solutions 

pH of 
buffer 
solutions 

pU of diges* 
tive mixtures 

at sre 
(Time O’) 

0.04 N KOH in ca 

Time 0 

After 

1 day 

Increase 

1 

GlycocolPNaCl NaOH 

9.66 


0.62 

0.68 

0.06 

2 

•• 

9.99 

8.15 

0.53 

0.63 

0.10 

3 


10.54 


0.46 

0.54 

0.09 

4 

*» 

11.53 


0.34 

0.42 

0.08 


1 cc. enzyme 8olutlon+2cc. buffer solution of varying pH value-4-lcc. 2y« n* 
cKloractityl-l-tyrosine. Kept for 1 day at ZTC. 0.5 cc. of digestive mixture is titrated 
by Willstfttter’t method. 
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Fig. 7. Showing the pH optimum curve of digestion 
of n-chloracetyl-htyrosine by the mesenteric filament ex- 
tract, baaed on Table 12. 


6. Dipeptida$e 
a) Detection of dipeptidase. 

The procedure and results are shown in Table 13. Dipeptidase was 
detected in the extracts of mesenteric filament and stomodaeum. 


Table 13. 

Detedim of dipeptidase. 



1 

i 

1 0.04N KOH in cc. 

No. 

Samples | 

j Time 0 

After j 
1 day 

Increase 

after 

1 day 

After 

4 days 

Increase 

after 

4 days 

1 

1 

i 

Mesenteric filament extract 

i 0.39 

0.52 

0.13 

j 


2 

Stomodaeum extract 

0.45 

0.82 

6.37 



3 1 

Tentacle extract 

0.42 

0.42 


0.43 

0.01 

4 1 

Unfiltered gastric fluid 

0.43 

0.43 

mm 

0.43 

0.00 

5 1 

Filter^ gastric fluid 

0.45 

0.45 

IQI 

0.45 

0.00 


1 cc. enzyme lolutiim-f 2cc. buffer solution (M/IS phosphate mixbtresi pH 
Icc. 2;. glycyl'glycine +0.400. N/10 NaOH. Kept for 4 days at 37*C. O^oc. of 
digestive mixture is titrated by WillstHtter’s method. 


b) Optimum pH of dipeptidase in the stomodaeum extract. 

As seen in Table 14 and Fig. 8, the optimuni reaction of dip^ttidase 
was 7.5. 
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Table 14. 

Effect of pH on the activity of the dipeptidase. 


No. 

Buffer solutions 

buffer • 
solutions 

pli of digestive 
mixtures at 37"C 

0.04 N KOH in tc. 

Time 0 

After 

1 day 

Time 0 

After 

1 day 

Increase 

1 

Borax-boric acid 

7.60 



1.74 

2.10 

0.36 

2 


7.94 



1.68 

2.05 

0.37 

3 

i* 

8.51 



1.54 

1.92 

0.38 

4 

** 

8.98 



1.35 

1.75 

U.40 

5 

M 

9.24 

7.5 

7.5 

1.19 1 

1.61 

0.42 

6 

II 

9.80 



0.15 ! 

1 

1..32 

0.37 


Icc. enzyme solution4*2cc. buffer solution of varying pH value flee. Z?o glycyl- 
glycine. Kept for 1 day at 37^C. 0.5 ce. of digestive mixture is titrated by Willstilt* 
ter*8 method. 


Summarizing the above 
results, the following tables 
are obtained (Tables 15 
and 16). 



pH of buffer solutions 
Fig. 8. Showing the pH optimum curve of 
digestion of glycyl-glycine by the stomodaeum 
extract, based on Table 14. 


Table 15. 

Showing the distribution of fractional enzymes in the various 
sources in Cribrina artemisia (Dana). 



Mesenteric 
Olament 
extract 1 

Stomodaeum 

extract 

Tentacle 

extract 

Unhlter d 
gastric fluid 

Filtered 
gastric fluid 

P^^ase 

+ 

— 

— 

trace 

trace 

Cadiopsin 

4 

— 

4 

— 


Tryptase 

•H 

+ 

... 

trace 

— 

Amino-polypeptidase 

4+ 

4 

— 

-- 


Carboxy-polypeptidase 

4 

— 

— 



l>lpeptidaso 

4 

H 

— 

— 

! — 


The sign 4* denotes that digestion is proved and denotes the efficiency of 
the action, the sign — * denote* that no effect has so far I een observed. 
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Table 16. 

Optimum pH of proteolytic enzymes found in the mesenteric 
filament and stomodaeum of Crihrina artemisia (Dana). 


Enzymes 

Mesenteric filament 
extract 

Stomodaeum 

extract 

Pepsinase 

(Gelatine as the substrata) 

2.3 


Cathepsin ^ 

(Gelatine as the substrate) 

4.8 


Trypiase 

(Gelatine as the substrate) 

6.3, 7.0-6.75 & 7.3 


Amino<po1ypeptidase 

(dl-leucyl-glycyl-glycinc as the substrate) 

8.7 


Carboxy-polypeptidase 

(n chloracetyl-btyrosine as the substrate) 

Dip^tidase 

(Glycyl-glycine as the substrate) 

8.15 

7.6 


DISCUSSION 

Mesnil (1901) reported that among the extracts of mesenteric filament^ 
tentacle, oesophagus and acontins in Anemonia sulcata and Adamsia ron- 
deletti the mesenteric filament extracts have the largest quantity of enzymes. 
Similar results were also obtained in Cribrina artemisia (DaUa). 

Bodansky and Rose (1922) and Bodansky (1924) said that in three 
species of coelenterates {Physalia^ Stomolophus and Metridium) pepsin 


Table 17. 

Comparison of optimal reaction of pepsinase and tryptasejn 
the mesenteric filament of various acHnians. 


Materials 

Optimal reaction 

i 

Methods 

Authors 

Pepsinase 

Tryptase 

Mttridium 

3.0, 3.6 



7.3, 7.6 

Gelatine liquefaction ' 

Bodansky and Rose 
(1922) and 
Bodansky (1924) 

Actinodendron 

^■1 

6.9 

Willstiitter*s titration^ 

Sawano (1981) 

Actinia mesmn- 
hryanthemiitn 


8.88, 9.98 

Gelatine liquefaction 

1 and micro- 
Van Slyke* 

ISHIDA (1936) 

Crihrina artemisia 
(Dana) 

2.2-<-2.8 

6.3, 7.0- 
fi.75, 7.3 




^Gelatine was used as the substrate. 
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digests gelatine most rapidly at pH from 3.0 to 3,5. Likewise trypsin 
manifests maximum effect in an alkalinity equivalent to 7.3 to 7,6 and is 
the predominant proteolytic enzyme (Table 17), 

And also according to .SAWANO (1931) a protease was detected in the 
extract of gastric filament in a sea anemone, Actinodendron which digests 
gelatine at optimum pH 6.9, Ishida (1936) confirmed the presence of 
two proteinases (pepsinase and tryptase) in the mesenteric filament extract 
and gastric fluid of Actinia mesembryanthemum which digests gelatine at 
optimum pH about 1.17 (citrate-HCI), 8.88 (ammonia-NH 4 Cl buffer) and 
9.98 (borax-NaOH buffer), but the optimum pH values seem to be not 
pH values of the digesting mixture but of the buffer solution (Table 17). 

Recently Saviano (1937) investigated a hydrolysis of casein by the 
glycerine extract of endoderm of Anemonia sulcata at pH 2 (citrate-HCI), 
6.7 (citrate-NaOH buffer) and 8.9 (NH 40 H-NH,C 1 buffer) by the ordinary 
methods, and he said that the extract, as seen in the titrations of 2-^24 
hours samples, contains a proteinase resembling trypsin in being more 
active in an alkaline medium but no or minute proteinase resembling 
pepsin. The results, which I have obtained in the present investigation, 
are about similar to the experiments of those authors, except that in 
regard to the optimal hydrogen ion concentrations there are some differences 
(Table 17) ; that is according to my experiments pepsinase, cathepsin and 
tryptase in the mesenteric filament extract of Cribrina artemisia (Dana) 
digested gelatine solution most rapidly at pH 2.3 (citrate-HCI buffer), 4.8 
(phosphate buffer) and 6.3 (phosphate buffer)-7.0'^6.75 (glycocoll buffer)- 
7.3 (borax-boric acid buffer), respectively. 

The pepsinase was found also in the gastric fluids in but minute traces. 
And tryptase was demonstrated also in the stomodaeum extract and un- 
filtered gastric fluid, and it was most active at pH 6.3 (phosphate buffer), 
7.0--6.75 (glycocoll buffer) and 7,3 (borax-boric acid buffer) in the mesenteric 
filament extract. But those authors did not know the presence of a 
cathepsin : I have demonstrated the presence of cathepsin in the extracts 
of mesenteric filament and tentacle which is accelerated by the addition 
of cysteine hydrochloride solution for the digestion of gelatine at pH 
about 4:8. 

Aboekhalden and Heise (1909) reported the presence of a poly- 
peptidase in Aciinia equina by using glycyl-l-tyrosine as the substrate. 
IsHiDA (1936) confirmed the presence of a dipeptidase in the mesenteric 
filament extract and gastric fluid of Actinia meaembryanthemum, which 
digests glycyl-glycine at optimum pH about 8.29 (borax-HCl buffer). I 
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have been able to find amino-poiypeptidase. carboxy-polypeptidase and 
dipeptidase, which digest dl-Ieucyl-glycyl-glycine, n-chloracetyU-tj^sine 
and glycyl glycine respectively, in the glycerine extracts of roetenteric 
filament and stomodaeum of Crihrina artemisia (Dana) ; but carboxy- 
polypeptidase was absent in the stomodaeum extract. Amino-polypeptidase 
has an optimum pH 8.7 in the mesenteric filainent extract and more active 
digestivity than in the stomodaeum extract. While, on the other hand, 
dipeptidase in the stomodaeum extract was more active than in the 
mesenteric filament extract and -its optimum pH was 7.5. Carboxy- 
polypeptidase has an optimum pH 8.15 in the mesenteric filament extract. 
No one has yet investigated such polypeptidases in coelenterates. 

Bodansky (1923) found that the unfiltered gastric fluid of MetruUim 
marginatum contains trypsin. But it is too weak to be investigated. He 
concluded that in Metridium the digestive enzymes are present mostly 
intracellularly. Partial digestion of food, however, may take place within 
the digestive cavity as a result of autolytic changes in food and to some 
extent by extracellular enzymes originating from the cell lining of the 
mesenteric filaments. According to Ismida (1936), pepsinase, tryptase and 
dipeptidase are in the mesenteric filaments of Actinia mesembryanihemum, 
whose glycerine extracts are entirely the same as those found in the 
gastro-vascular fluid because these enzymes found in the former have 
respectively the same optimum pH as those found in the latter, and then 
he concluded that the enzymes in the gastric fluid have their origin in 
the cells lining the mesenteric filament. 

Although 1 have not enough ascertained it in Cribrina artemisia (Dana), 
my findings may support these conclusions as the pepsinase and tryptase 
in the gastric fluid was found in tra<»$ in fast. 

SUMMARY 

1. Proteolytic enzymes in Cribrina artemisia (Dana) have been inves- 
tigated. 

2. As proteinases (gelatine as the substrate), pepsinase^ cath^«in, 
and tryptase are demonstrate and as p^tidases, amino-polyp^>tidaBe 
(dl-Ieucyl-glycyl-glycine as the substrate), carboxy-polypeptidase ' (o-dilor- 
acetyl-l-tyrosine as the substrate) and d^ptidase (glycyl-glycine as tiie 
substrate) are detected. 

3. Pepsinase is demonstrated in the mesenteric filament extract, no- 
filtered and filtm'ed gastiic finkl hot it is found in traces in the botii 
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gastric fluids. Optimum pH of pepsinase is 2.3 (citrate-HCl buffer) in 
die mesenteric filament extract. 

4. Cathepsin is demonstrated in the extracts of mesenteric filament 
and tentacle, and its optimum pH is 4.8 (phosphate buffer) in the former. 
Moreover no one has yet investigated such enzyme in actinians. 

5. Tryptase is detected in the extracts of mesenteric filament and 
stomodaeum and unfiltered gastric fluid, and its optimum pH is 6..3 
(phosphate buffer), 7.0~6.75 (glycocoll buffer) and 7.3 (borax-boric acid 
buffer) in the mesenteric filament extract. 

6. Amino-polypeptidase is demonstrated in the extracts of mesenteric 
filament and stomodaeum, and its optimum pH is 8.7 (glycocoll buffer) 
in the former. 

7. Carboxy-polypeptidase is detected only in the mesenteric filament 
extract and its optimum pH is 8.15 (glycocoll buffer). 

8. Dipeptidase is demonstrated in the extracts of mesenteric filament 
and stomodaeum, and its optimum pH is 7.5 (borax-boric acid buffer) in 
the latter. 
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Ober das redoxpotential der suspension 

LEBENDER HEFEZELLEN 

Von 

Tomio Kakukawa 

Biologisches Inatitut der Kaiaerlichen Tdhoku Universitdt, Senaai 
(Mit filnf Figuren) 

(Eingegangen am 21. Januar 1938) 

1. EINLEITUNG. 

Schon im Jahre 1911 berichtete M. C. Potter, dass eine Potential- 
differenz zwischen den Edelmetallelektroden, deren eine in die mit Hefen 
Oder Bakterien geimpfte Kulturflussigkeit, und deren andere in sterilisierte 
Fliissigkeit eingetaucht wurde, auftrat. Seitdem hat er fortwarend bis 
vor kurzem fiber dieses Problem mit der Ansicht, dass die bei der Zer- 
setzung organischer Substraten entstebende elektriscbe Energie ffir die 
daran beteiligten Organismen von Nutzen sein muss, untersucht (1915, 
1929, 1930, 1934 und 1935). 

L. J. Gillespie (1920) mass ein Potential im lebende Mikroorganismen 
enthaltenden Kulturmedium mit Hilfe einer indiiiFerenten Elektrode, und 
deutete es als erster als das Reduktionspotential. Danach sind zahlreiche 
Bestimmungen des Redoxpotentials in mikrobenhaltigen Medien gemacbt 
Worden und durch diese Arbeiten ist es klar geworden, dass ein Redox- 
potential im genannten Medium mit dem Stoffwechselvorgang der Mikro- 
organismen in naherem Zusammenhang steht. Auch hat die Berucksich- 
tigung des Redoxpotentials immer das grosse Verdienst gehabt, dazu zu 
leiten, in den zahlreichen mikrobiologischen Problemen eine bessere Ein- 
sicht zu geben. 

In bezug auf das Redoxpotential in der Hefesuspension sind bis jetzt 
einige Bepbachtungen gemacbt worden. Um darfiber eine Ubersicht ge- 
winnen zu konnen, werden bier die wenigen Arbeiten kurz erwahnt werden. 

R. K. Cannan, B. Cohen und W. M. Clark (1926) ffihrten einige 
grundlegende und wertvolle Untersuchungen fiber das Redoxpotential der 
Hefesuspension aus. Aber bier muss darauf hingewiesen werden, dass 
sie nur das in wasseriger Suspension der Trockenhefe auftretende Redox- 
potential, dessen Beziehung zur Garung schwierig zu .fibersehen ist, massen. 
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E. Aubel, E. Aubertin und L. Genevois (1929) bestimmten uoter der 
anaeroben Bedingung das Redoxpotential in i^ukosc^ltigen Kulturmedbn 
der Hefezellen mit Hilfe der Redoxinddcatoren and fanden dab^ dass 
bei pH =7,2 der festgestellte Endwert des Potentials im Medium zwischen 
— 160 und —200 mV. lag. Seitdem warden die Redoxpotentiale in da 
^ukosehaltigen, auf pH =5,4 gepufferten Hefesuspension von A. J. Kluyver 
und J. C. Hoogerheide (1934) potentiometruch gemessen und aucb der 
Stoffwechsdtypus der betreffenden Zellen gleicfazeitig festgestdlt. Dabei 
fanden sie, dass ein Potentialniveau fiir yerscbiecfene Hefearten zwischeu 
+80 und +100 mV. lag, und dieses Niveau von den verwendeten Hefe* 
arten, von den benutzten Zuckerarten und von der Zuckerkonzentration 
unabhangig war. Es lasst sich sogieich entnehmen, dass dieses Ergebnis 
sich wesentlkh von dem friiher von E. Aubel, E. Aubertin und L. 
Gen^ois erhaltenen unterscheidet. 

Ganz kiirzlich wiesen C. Fromageot und P. Desnuelle (1936) auf 
diesen Punkt bin und mit der Ansicht, dass die wesentliche Verschieden* 
heit da Redoxpotentiale in da Suspension lebenda Hefezellen mit da 
Fahigkeit da Hefe zusammenhangt, die Synthese des Alanins zu va- 
wirUkdien, bestimmten sie die Redoxpotentiale in da zuckeibaltigen, auf 
pH =6,4 gepuffaten Hefesuspension mit Hilfe da Redoxindikatoren. 
Dabei agab sich unta den genannten Bedingungen das Redoxpotential 
von —144 bis —184 mV. 

Dank da obengenannten Arbeiten liegt uns als Tatsache bewiesen 
Vor, dass die Endwerte da Redoxpotentiale in den Hefesuspenskmen je 
nach da Natur da messendoi Mbthode (da potentiometriachen Messung 
oda da Redoxindikatormessung) wesentlidi voneinanda abwekhen kbnnen. 
Nun entsteht die Frage, inwieweit betreffs des Redoxpotentids die potentio- 
metrisdie Messug mit da Indikatormessung iibereiastimmen soil. 

Um diese Frage klarzustellen, babe kb die Vosucbe iH>er das Redox- 
potential in da Suspension leboMla Hefezellen mit Hilfe da potentio- 
metrischen Messung beabsichtigt 

Z. METHODIK. 

Die Versudw w.ardaa folgenderweise ausgi^hrt : Die Versudhsalmrd- 
nung wurde nach A. J. Klutvbe oad J. C. HoOgbioieidb (1934) beeei^ 
gesteUt Das Redoxpotential imd das ewB Stblfai'echsdprQdukt, d. b- die 
KoUensihffe, da betreffenden Hefestupewnon wtaden dwiurtii gleki|neit% 
bestimmt, dass das GiEningsgefik> dea Wiai9u|tQadimi,Appai^^ laiteiaa 
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natinelektrode verbunden wurde. 

An diesem Ganmgsgefass wurde eine kleine Verbesserung folgender- 
massen gemacht. Das Gefass wurde ausser einer blanken Platinelektrode 
und einem KCl-Agarheber. mit einem Giasrohr, dutch dessen Hahn der 
Stidcstoff, im Gegensatz zur gewohnlichen Erfahrung, um die darin be- 
lindliche Luft zu votreiben, in das Gefass eingeleitet wurde, so ausgeriistet, 
dass das eine Ende dieses Glasrohrs moglichst dem Boden dos Gefasses 
naher kam. Damit gelang es mir, bei der Ersetzung der im Gefass be- 
findlichen Luft dutch den Stickstolf das Eindringen der Luft vollstandig 
zu vermeiden. 

Die Reinigung des Stickstoffs wurde vorsichtig so ausgefiihrt, dass 
dieses Gas von der Bombe aus tiber gegliihte Kupfernetze, welche vorhcr 
vollstandig reduziert waren, ziemlich langsam iibergeleitet und dann, um 
das erhitzte Gas zu kiihlen, dutch die alkalische Lrisung des Natrium- 
hydrosulfits gefiihrt wurde. Zur Vermeidung der Eindifundierung des 
Sauerstoffs in der Luft dutch die Leitungsrohrc wurden Bleirohre fiir die 
Leitung des Stickstoffs angewandt, mit Ausnahme von der Vcrbindungs- 
stelle, wo dicke Gummirohren benutzt wurden. 

Die in diesen Versuchen als Suspension angewandten Unterhefen 
stammten aus der Kirin-Bierbrauerei in Sendai, Japan, und wurden in der 
zuckerhaltigen mineralischen Fiussigkeit rein kultiviert. Die Suspension 
wurde folgendermassen bereitet. Der giukosehaltige (3?^), auf pH=5,4 
gepufferte Phosphatpuffer wurde bis auf 0,4^ mit den zentrifugierten 
Hefen suspendiert, welche vorher mit dem genannten Puffer zweimal ge- 
waschen wurden. Von, dieser Hefesuspension wurden dann 5 ccm in das 
GSrungsgefiiss einpipettiert. 

Zuniichst wurde das Ganmgsgefass mit dem Manometer verbunden 
und im Wasserthermostat (30°C) aufgestellt, und sogleich danach das 
Potantial mit HiKe der blanken Platinelektrode gegeniiber der N10~'-KC1- 
Kalonieldektrode bestimmt. Nach einer Stunde von dieser Zeit wurde 
der Stiekstoff, dor vollstandig vom beigemengten Sauerstoff befreit war, 
thirdt das Gaszufuhrsrohr wahrend 2'A oder 3 Stunden hindurch in das 
GeRiss eingeleitet, um die vollkommene Ersetzung der im Gefass behnd- 
Udhen LuR zu verwirklichen. Nach do- Unterbrechung der Stkkstoffzufuhr 
wm<de jede Halbstunde ^ entwickelte Kohlendhitcmenge manometrisdi 
gentesaen. 

SBtarlianung des Potentials wurde die Kompensationstnethode benutzt 
und der MeaaappaMi; wurde mit ‘einem Kapillardektrometer als Nullin- 
Hmmat and an«n Messliriiskenpotentioaieter ao^rostet 
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Die itn folgenden wiedwgegeboten Pptentialwerte sind alle auf die 
Mormalwasserstoffelektrode be^gen angegeben. 


3. DAS REDOXPOTENTIAL DER HEFESUSPENSION UNTER 
STRENG ANAEROBER BEDINGUNG. 

Uiii den Endwert des Redoxpotentials der Hefesuspension wahrend 
des Garungsvorganges zu untersuchen, muss die streng anaerobe Bedingung^ 
vorausgesetzt werden, weil unter aerober Bedingung nicbt nur die Atmung 
neben der Garung vor sich geht, sondern auch der SauerstofF direkten 
Einfluss auf das betreffende Redoxsystem ausiibt, sodass die Verhaltnisse 
sehr kompliziert ausfallen miissen. In der anaeroben Bedingung dagegen 
kann man einfach, ohne Rucksicht auf den Einfluss des Sauerstoffs, das 
Redoxpotential der Hefesuspension behandeln. Aus dieser Uberlegung 
wurde zunachst der Versuch unter streng anaerober Bedingung gemacht. 

Die aus diesem Versuch erhaltenen Daten sind in Tabelle 1 zusammen- 
gestellt und in Abb. 1 graphisch wiedergegeben. • 

Tabelle 1. 

Redoxpotential und Gdrung der Suspension von Saccharomyces cerevisiae in 
3%iger Glukoseldsung, Phosphatpuffer^ in Stickstoff. Bei * wurde 

Stickstoff eingeleitet, hei ** umrde Stickstoffzufuhr unterbrochen. 



wmm 

Eh in Millivolt 

Zeit in Min. 

— — 

'^co, 

Eh in Millivolt 

0 



+0,4403 

270 

103,7 

-0, 1810 


— 

+0,3988 

300 

J29,4 

-0, 1810 

30 


+0,3988 

330 

134,2 

-0, 1810 

60» 


+0,3980 

360 

135,9 

-0. 1803 

90 

— 

+0,2863 

390 

137,4 

-0, 1787 

105 

— 

+0,1300 

420 

134,2 

-P. 1779 

120 

— 

-0,0276 

450 

138,2 

-0, 1779 

135 

— 

-0, 1123 

480 • 

147,1 

-0, 1779 

150 

— 

-0,1646 

510 

' 188,2 

-0,.1766 . 



-0, 1795 

540 

144,7 

-0, 1740 


. — 

. -0,1795 

670 

145,5 

-0, 1732 

195 

— 

-0, 1795 

600 

141,4 

-0,1732 


— 

-0, 1795 

630 

154; 3 

-0. im 

240 

102,1 

-0,1810 




. Es lasst sich nun entnehmen, dass das Potential in Luft erheblich 
hdher ausgefallen ist und gleich nach der Durchleitung des StickstolFs in 
das Gefass momentane Potentialsenkung auftrkt. Naoh etwa 2. Stunden 
atellt das Potential sich attf etnemdefloitiven Niveau ein, worauf es danach 
lange Zeit .annShemd' konstaiit bleibt, jehtrohl die Stickstoffaifuhr tmter^ 
brochen wird. Duroh < die , Unterbrechpng der* &»ckstoffzufubr wird dabei 
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keine Verknderung des Potential verlaufs hervorgerufen. Dies ist zweifellos 
bemerkenswert, weil das Potentialniveau durch die im Gefass noch befind- 
liche Sauerstoffspur verandert werden sollte, wenn der angewandte Stick- 
stoff nicht vollstandig von dem Sauerstoff befreit ware. 


+ 500 


* +400 


+ 300 

*© 

I +200 
.s +100 


0 


-100 


-200 

0123456789 10 11 

Zeit in Stunden 

Abb. 1. Hcdoxpotentiule der Suspension von Saccharomyces cerevisiae. Obere 
Linic im ungereinigten Stirkstoff, untere Linie im reinon Stickstoff. Bei t wurde 
Stickstoff eingeicitet, bei | wurde Stickstoffzufuhr unCerbrochen. 

Es geht aus diesem Ergebnis hervor, dass der Endwert des Redox- 
potentials in der Hefespspension unter der genannten anaeroben Bedingung 
bei pH =5,4 etwa —180 mV. ist. Dieser Wert ist im Vergleich zum Be- 
funde A. J. Kluyvers und J. C. Hoogerheides wesentlich niedriger. 

Die dabei durch Garung entwickelten Kohlensauremengen sind als 
^c6i Sezeichnet in der Tabelle 1 und in Abb. 4 graphisch wiedergegeben. 
Diese Werte sind verhaltnismteig niedrig. Dies ist wahrscheinlich darauf 
zurUckzufiihren, dass die manometrischen Apparate wegen des Gewichts 
ihrer AnhSnge (dor Elektrode, des KCl-Agarhebers und des Gaszufuhrs- 
rohrs) auf die Schiittelung verzichtet wurden. Es zeigt sich jedoch, dass 
die Kohlensauremeqge anfangs relativ klein ist, dann aber annaherend 
kon^nt bleibt 

Dass die eingestellte Redoxpotentialzeitkurve mit der Garkurve beinahe 
paraUel geht, scheint mir von Bedeutung. Dies spricht dafur, dass in 
diesem FaSb die definitive Einst^ung des Redoxpotetitials nur durch das 
€3c^gewieht des ganten Systems ‘hervorgerufen Wird. Das wahre Gleich* 
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gewicht des Systems kann bekanntUch nur erst onter strei^ aoaerdber 
Bedingung erreicbt warden. Befindet sich eine Spur des Sauerstoffs un 
Gefass, so werden die VokUtnisse sehr kompliziert, sodass in bezug aof 
die Garung, wie oben orwahnt, kein wahres Gleichgewicht stattfinden kaim 
und folglich das damit in naherem Zusammenbang stehende Redoxpotential 
betrachtlich beeinflusst wird. 

Diese Beriicksichtigung zwingt mich zu priifen, wie das Potential der 
Hefesuspension durch die Zufuhr des ungereinigten Stickstoffs verandert 
wird. 

4. DAS REDOXPOTENTIAL DER HEFESUSPENSION IM 
UNGEREINIGTEN STICKSTOFF. 

Der Stickstoff wurde direkt aus der Bombe in das GarungsgeRiss ohne 
Cberleitung iiber gegliibtes Kupfer eingeleitet. Sonst war die Anordnung 
ganz gleich wie beim vorigen Versuch. 

Die Ergebnisse sind in Tabelle 2 zusammengestellt und in Abb. 1 gra- 
phisch wiedergegeben. 

Tabelle 2. 

Rgdoxpotential der Sueperuion van Saccharomyces eerevieiae in 3^iger 
Glukoeeldsungf Phosphatpuffer^ ph^6f4, in ungereinifd^fn Stiekitoff, 

Bei * wurde Stickstoff eingeleitet^ hei ** wurde SHckstoffmifuhr 
unterbrochen. 


Zeit in Min. 

£h in Millivolt 


Eh in Millivolt 

0 

+0,4871 

1 270 

+0,0173 

45 

+0,4691 


+0,0166 

60* 

+0,4691 


+0,0222 

76 

+0,2970 


+0,0187 

90 

+0,1542 

390 

+0,0165 

105 

+0,0673 

420 

+0,0166 

165 

+0,0083 


+0,0247 

180 

+0,0083 


' +0,0247 

210 

+0,0116 

510 

+0,0255 

225 

+0,0116 


+0,0247 

240*^ 

255 

+0,0116 

+0,0173 

570 

+0,0247 


Wie an dieser Tdbelle erskdidich at, vertiitift anianga die Potentiid* 
zeitkurve ahnlich wie die im vorigen Versuch, alsdann steiit sie aidk um 
etwa +20 mV. ein, wo m ziemlich konstant ohne weittfes AhshikeB 
Ueibt. Dieses Potentiainiveau ist, wie zu Mwarten war, bedeutend hSher 
als das im vorigen Vei^ch. Diese Erkeontpis ist von grosser Widitiidn^i 
wed adbst eine Spur des Sauerstoffs, weidie im sfngeieiiiigten Stkdistbiff 
vermisdit voihanden wike, maen sdiwecen EiidktSB^auf das RedoxpQteiltiid 
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Refesuspension ausiiben miisste. 

Ja ed muss hier mit Recht betont werden, dass um das Redoxpotential 
dor H^esuspension in vollstandigem Gleichgewicht des ganzen Systems 
m bestimmen, die streng anaerobe Bedingung unentbehrlich ist. 

Folgtich muss es nun in Betracht bezogen werden, ob im vorigen 
Versuch unter dem Abschnitt 3 die im Gef&s befindliche Luft durch den 
reinen Stickstoff voilstiindig ersetzt werden konnte oder nichl. Um dar- 
uber Klarheit zu gewinnen, wird ein Versuch wie folgt beabsichtigt. 

5. DAS REDOXPOTENTIAL DER HEFESUSPENSION IN GEGENWART 
VON WASSERSTOFF ODER VON STICKSTOFF. 

Die im Gefass befindliche Luft wurde zuerst durch den Wasserstoff, 
welcher durch Uberleitung iiber gegluhte Kupfernetze von dem bei- 
gemengten Sauerstoff befreit worden war, vertrieben und dann durch den 
obengenannten reinen Stickstoff ersetzt. Ubrige Anordnung war ganz 
gleich wie bei vorhergehenden Versuchen. 

Die dabei erhaltenen Ergebnisse sind in Tabelle 3 zusammengestellt 
und in Abb, 2 graphisch wiedergegeben. 

Tabelle 3. 

RmdoxpdwUud der Suspension von Saechufomtfces certvisiae in 3%iger Glukose- 
IdauHfh Phosphatpuffer, pH^5,4y zusrst Wasserstoff und dann Stickstoff ein- 
gelekst. 


Zeit in Min. 

Eh in Millivolt 

Beinerkung 

Zeit in Min. 

Eh in Millivolt 

Bemerkung 

0 

4*0,5080 


210 

-0,3022 

- Nj einge- 

60 

4-0,4644 

- Hj einge- 

215 

-0,2785 

leitet 

75 

40,2307 

leitet 

225 

-0,2531 


77 

+0,1880 


240 

-0, 1785 


62 

i 4-0,0446 


270 

-0, 1721 

- Na-Zufuhr 

02 

-0,2767 


300 

-0, 1721 

unter- 

105 

-0,3113 


330 

-0,1703 

brochen 

120 

-0,3113 

- Hs’Zttfuhr 

360 

-0, 1703 


160 

-0,3113 

unter- 

390 

-0, 1703 


160 

-^0,3022 

brochen 

420 

-0,1703 



Aus dieaen Ergebnissen geht hervor, dass gleich nach der Durchleitung 
des Wasserstoffs in das GefSss eine erhebliche Potentialsenkung auftritt 
and addiesdich das Potential ein wesentlich n^atives Niveau meicht, 
vtonxdi es n^alidi konstant bleibt. Durch die Unterbrechung der Wasser- 
stoffiniidir wird keine plotdiche Anderung des Potentialverlaufs hervor* 
ger n iea. Whd aber der sdtr reine Stidcstoff in das Gefass gefiihrt, um 
den W a sse rst o ff m yertreiben, so ^qpringt das Potential sofort anf etwa 
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-170 mV. nnd faleibt 
hier lange Zeit konstant. 

In diesem Falle ist 
es sehr wahrscheinlich, 
dass das gefundene 
Potential in Gegenwart 
von Wasserstoff, etwa 
—310 mV., gerade dem 
Potentialwect der Was* 
serstoiiFelektrode fiir 
pH =5,4 entspricht, was 
durch die eventuelle 
Funktion der angewand- 
ten Platinelektrode wie 
eine Wasserstoffelekt* 
rode verursacht werden 
konnte. 

Es ist nun bedenk- 
lich, dass wenn eine 
Spur des Sauerstoffs 
infolge der unvollkom- 
menen Ersetzung der 
Luft durch dm Stick- 
stofif vorhanden ware, der wahre Endwmt des Potentials in der betreffen- 
den Hefesuspension unter der anaeroben Bedingungen niedriger als der 
dabei gefundene Potentialwert stehen sollte. Wie aus Tabelle 3 und 
Abb. 2 ersichtlich ist, steht aber das beobachtete Potentialniveau.in reinem 
Stickstoff durchaus in Ubereinstimmung mit demselben, welches in Abschnitt 
3 festgOstellt war. Diese Tatsache ist ein guter Beweis dafiir, dass bei 
dem in Abschnitt 3 erwahnteh Versuche keine Spur des Sauerstoffs vor- 
handen war, sodass der dabei erhaltene Endwert des Redoxpotials als 
der wahre der betreffenden Hefesuspension unter strong anaerober Be- 
dingung anerkannt werden kann. 

6. DAS REDOXPOTENTIAL DER HEFESUSPENSION IN 
GEGENWART VON REDOlCINDIKATOREN. 

Es schien mir sehr wiinschenswert, den Potentialverlauf bei der Hefe* 
suspmsion unter Zusetzung irgendeines geeign^n Redoxindikators zu 
beobachten. Denn es war in der Literatur manchmal gesagt, dass durch 
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Zeit in Stundcn 

Abb. 2. Redoxpotential der Suspension von Saocharo> 
tnyees cerevisiae in BUiger Glukoseldsung, zuerst Wasser- 
stoff und dann Stickstoff eingeleitet. Bei i Wasserstoff 
oingeleitet, bei | Wasserstoffzufuhr unterbrochenp bei t 
Stickstoff eingeleitet, bei j Stickstoffzufuhr unterbrochen. 
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Zugabe des geeigneten Redoxindikators die Einsteilungsgeschwindigkeit 
erhbfat werden konnte, oder dass erst in Gegenwart von Redoxindikatoren 
ein charakteristisches Potential bestimmt werden konnte. Meine oben 
erwShnten Versuche haben aber sichergestellt, dass es nicht immer d« 
Fall sein kann, und dass sogar ohne Zusatz von Redoxindikatoren ziemlich 
stabile und mehr oder weniger empfindliche PotentialveriSufe beobachtet 
werden konnen. 

So entsteht nun eine Frage, inwieweit der zeitliche Verlauf des Elekt- 
rodenpotentials durch die Gegenwart von Redoxindikatoren beeinflusst 
wird. Der diesbeziigliche Versuch wurde folgendermassen ausgefuhrt : 
Als Redoxindikatoren wurden vier Farbstoffe, namlich Methylenblau, 
Indigotetrasulfonat, Indigotrisulfonat und Janusgriin, benutzt. Die Ver- 
suchsanordnung war bier auch dieselbe wie beim Versuch im Abschnitt 
3 vorgenommen war, ausgenommen der Zugabe einer Spur der genannten 
Redoxindikatoren in die betreffende Hefesuspension in einem Grad, bei 
dem die betreffende Farbe erst erkannt werden konnte. 

Die erhaltenen Ergebnisse sind in Tabellen 4-7 zusammengestellt und 
in Abb. 3 graphisch wiedergegeben. 

Tabelle 4. 

Redaxpotential und Gdrung der Suspension von Saccharomyces cerevisiae m 
3%iger Glukoseldsung, Phosphatpuffer, pH >^5^4, in Stickstoff. Methylenblau 
xugeseUt Bei * Stickstoff eingeleitet, bei ** Stickstoffzufuhr unterbrochen. 


Zeit in Min. 

^CO, 

Eh in Millivolt 

\ 

Zeit in Min. 

— 

'*CO, 

Eh in Millivolt 

0 



+0,4942 

345 


-0, 1898 

30 

— 

+0,4742 


118,3 

-0, 1898 

45 

— 


375 

-0, 1882 

60* 

— 

+0,4394 


128,9 

-0, 1857 

76 


+0,4360 

405 

-0, 1857 

90 

— 

+0.4034 

420 

121,3 

» -0,1867 

105 




435 



120 




450 

122,8 

' -0,1849 

135 

— 


465 


-0, 1849 

150 

— 

+0, 1195 

480 

129,7 

-0, 1832 

166 

— 

+0,0925 

495 

' 

-0,1832 

180 

, 

+0,0867 

510 

137,3 

-0, 1824 

195 



+0,0657 

525 


-0, 1824 

210 

— 


540 



225 

— 


555 



240** 

— 


670 

139,6 


255 




685 


-0,1792 

270 

93,9 



133,3 

-0, 1792 

285 


615 


-0,1792 


104,5 


630 

144,2 

-0, 1792 

315 


645 


-0,1783 

380 

103,8 

-0,1898 1 

660 

134,4 

-0,1783 
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TA9ELLE 5 . 

A 0 doxpottiUial und Gdrung der Su9pen9ion wm Smxhanmtfces C€revi9ia€ in 
3%ig^r Giuko§0id9ung, PhoMphatpuffer, pH^S4* m Stickstoff, Indigeietra- 
sulfonat tugpsetxt, Bei ^ SHckatoff eingeieitet, hei Stickatoffmifukr unter^ 
broAen» 



Tabblle 6. 

Rndoxpotential und Cdrung der $u$pensian von Saccharomycet cerevim’ae in 
3%igfir Glukoioldiung, Phosphotpuffor, pH =^5^4, in SHckitoff. Indigohimtl^ 
fonat vugoititU Bei ^ Stickstoff eingeteitetf bei ^ Stiekstaffeufuhr tinier- 
hrochen. 
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Tabelle 7. 

R^doxpoimUial und GUrung det Suspension von Saccharomyees cerevisiae in 
S^igsr Glukosekisung, Phosphatpuffer, pH^5A* in Stickstoff. JanusgrUn zu- 
gssetst. Bei Stidcstoff eingeleitett bei ** Siickstoffzufuhr unierbrochen. 


Zeit in Min. 

— — 

'^co, 

Eh in Millivolt 

Zeit in Min. 

— oST” 

'^co. 

Eh in Millivolt 

0 



+0,4631 

345 


>-0,1890 

30 

— 

+0,4608 

360 



45 

— 

•f0,4058 

375 



00* 

— 

+0,3886 

390 

131.0 

SC 

75 

— 

-f 0.3486 

405 


Si 

90 

— 

-f 0,3126 

420 

126,8 

sc 

105 

— 

4*0, 1376 

435 


-0. 1865 

120 

— 

4-0,0188 

450 

125,4 

-0, 1865 

135 

- 

-0,0785 

465 



150 

— 

-0.1063 

480 

129,4 

-0. 1857 

155 

-- 

-0. 1726 

495 


-0, 1850 

180 

— 


510 

131,8 


195 


-0, 1890 

525 



210 

— 

-0, 1890 


141,5 

-0. 1841 

225 



-0. 1890 

555 



240*^* 



-0, 1890 

570 

126.1 

>0, 1832 

256 

. — 

-a 1890 

585 



270 

102,9 



134,2 

-0, 1832 

285 I 

-0, 1898 

615 



300 1 

110,1 

-0, 1898 



-0, 1824 

316 

-0, 1898 

645 



330 

111,0 

-0, 1898 


138,7 

-0, 1824 



AUk 3. Redoxpot^ntiak der Suspension von Saceharomyees cerevisiae. Methylen- 
MftUi IndliotettaiuKonet, Indigotrisulfonat oder JanusgrUn xugesetzt. Bei t Stickstoff 
einpeleitett bei I Stickstoffsufuhr tmterbrocHen. 
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Wie aus diesen Ergebnissen ersichdich ist, zeigt das Potential der 
Hefesuspension bei der Zugabe jedes Redoxindikators einen besonderen 
charakteristischen Verlauf. Und zwar beghinen in Gegenwart dieser 
Indikatoren die Potentialzeitkurven in alien Fallen zur Zeit der Stickstoff- 
zufubr ahnlicb abzusinken, wie beim Versuch ohne Indikatoren, trotzdem 
flacben sie unterwegs, bevor sie die Endwerte der Potentiale erreichen, 
um besondaren Stellen fiir die betreffenden Redoxindikatoren, ab. 

Es ist aber bemerkenswert, dass alle Potentiale unabhangig von den 
zugesetzten Redoxindikatoren s^iliesslich dasselbe Niveau, ' etwa von 
— 170 bis —180 mV., erreichen konnen, und darauf lange Zeit ziemlich 
konstant bleiben. Dieses Niveau stimmt mit dem ohne Indikatoren fest- 
gestellten annahernd iiberein. 

Was nun die Abflachung der Potentialzeitkurven anbelangt, so liegt 
sie fiir Methylenblau um etwa +80 mV., fiir Indigotetrasulfonat um etwa 
+ 30 mV. und fiir Indigotrisulfonat um etwa — 1 5 mV. Aber beim Janus- 
griin wird keine Abflachung der Potentialzeitkurve beobachtet. Auf diese 
letzte Erscheinung warden wir spater wieder zuriickkommen. 

Es ist bemerkenswert, dass diese Potentialwerte, worum sie abflachen, 
fiir die ersten drei Redoxindikatoren gerade den betreffenden Normal- 
potentialwerten bei pH =5,4 antspredhen, d. h. +77 mV. fiir Methylenblau, 
+ 41 mV. fiir Indigotetrasulfonat und +8 mV. fiir Indigotrisulfonat (nach 
W. M. Clark). Aus diesen Tatsachen ware es berechtigt anzunehmen, 
dass die in obengenannten Versuchen beobachteten Abflachungen der 
Potentialzeitkurven sicher auf die Verzogerungen der Potentialabfalle 
durch die bescbwerenden Wirkungen der zugesetzten Redoxindikatoren 
zuriickzufiibren sind. 

Und zwar bekraftigte diese Annahme weiter die Tatsache, dass die 
vollkommenen Entfarbungen dieser Redoxindikatoren, welche durch ihre 
voilstandigen Reduktionen venirsacht werden, gleich nach den Wieder- 
abfallen der Potentialzeitkurven auftreten. 

Wie schon R. K. Cannan, B. Cohen und W. M. Clark (1926) 
beobachteten, uberschreitet das Potential des betreffenden Systems im 
allgemeinen von Fall zu Fgll die speziellen Bereicbe do* verschiedenen 
Redoxindikatoren ; und wenn ein gewisser Redoxindikator in die Hefe- 
suspension zugesetzt wird, wird die Abfallgeschwindigkeit des Potentials 
in dem dem betreffenden Nonnalpotential entsprechenden Bereiche sehr 
langsam, wobei gleichzeitig die Farbe dementsprechend allmahlich abblasst, 
und erst nach v5lliger Entfarbung setzt der Potentialabfall sich wieder, 
wie friiher, bis auf den Endwert fort Es ist selbstverstandlich, dass je 
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nicdrigBr das NOTinalpotential des Indikators liegt, desto langer es zur 
Entfiirbung, d. h. zur volligen Reduktion durch das andere System, dauert. 
Aus meinen Versuchen geht auch hervor, dass die Zeit zur Entfarbung 
der ersten drei Redoxindikatoren bei Methylenblau am kiirzesten und bei 
Indigotrisulfonat am langsten ist. 

Es muss nun die Frage beantwortet werden, warum bei dem Versuch 
mit Janusgriin vor der Erreichung des Endwertes des Potentials gar keine 
Abflachung der Potentialzeitkurve auftritt. Dariiber sei nur folgendes 
gesagt. Bekanntlich hangt die Frage, in welchen Massen die Verzoge- 
rung des Potentialabfalls durch die beschwerende Wirkung des zugesetzten 
Redoxindikators beeinflusst wird, sowohl von dem Intensitatsifaktor (dem 
Potential) als auch von dem Kapazitatsfaktor (der reduziert vorliegenden 
Farbstoffmenge) ab. Wie oben erwahnt, findet sich stets die beschwerende 
Wirkung des Redoxindikators im Bereich seines Normalpotentials fiir 
gegebenes pH, soweit meine vorliegende Versuche reichen. Da das 
Normal potential von Janusgiun fiir pH = 5,4 —140 mV. (nach W. M. 
Clark) ist, so ist es zu ersehen, dass dieses Normalpotential dem End- 
wert des Potentials betreifender Hefesuspension sehr nahe steht. Deshalb 
ist lange Zeit zur vollstandigen Reduktion erforderlich. Da Janusgriin 
infolge der Annaherung der Potentiale beider betreffenden Systeme dabei 
nicht vollstandig reduziert werden konnte, obwohl teilweise Reduktion 
auftreten kann, wie eine schwache Abhlassung daran deutet, so konnte 
der Wiederabfall des Potentials ebenfalls gar nicht beobachtet werden. 



Zeit in Stunden 


Abb. 4. Gftrkurven. Zur Zeit 0 wurde die Stickstoffzufubr in jedein Fell 
unterbrocken. 

o o ohne Redoxindikator mit Methylenblau 

0 o mit Indigotetrasulfonat " *-0 mit Indigotrisulfonat 

□ — : — n mit JanusgrUn ^ 
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Mit diesen Versuchen ist alto dcr Beweis gegiri>en, dass dat PotenUfd, 
welcha' in der Suspension lebender Hefezdien unter der streng anaeroben 
Bedingung bei pH =5,4 festgestellt wird, nicht nur niedriger ab jedes 
Normalpotential fiir Methylenblau, Indigotetrasulfonat, Indigotrbulfonat 
und Janusgriin, sondorn auch demselben des letzteren sehr nahe sein muss. 

Die dabei erhaltenen Q^,-Werte sind ebenfalls in Abb, 4 grapbiscb 
wiedergegeben. 

Man siebt daraus, dass diese Werte etwas niedriger ab diejenigen 
beim Versucbe obne Zusatz von Redoxindikatoren sind, trotzdem die 
Garkurven beinabe abnlicb verlaufen. Aucb in diesen Fallen geben die 
Garkurven beinabe parallel mit den sicb einstellenden Potentudzeitkurven 
nebeneinander. 

7. DAS REDOXpOTENTIAL DER HEFESUSPENSION IN GEGEN- 
WART VON METHYLENBLAU IN DEN VERSCHIEDENEN 
KONZENTRATIONEN. 

Im vorigen Abscbnitt sind etnige Versucbe bescbrieben worden, in 
denen durcb die cbarakteristiscben bescbwerenden Wirkungen, welcbe 
durcb den Intenshatsfaktor und den Kapazitatsfaktor bedingt wurden, der 
Potentialverlauf ausserordentlicb beeinflusst wurde. 

Was nun den Einfluss des Intensitatsfaktors auf den Potentialverlauf 
betrifft, so wurden einige Versucbe mit Redoxindikatoren, welcbe ver- 
scbiedene Potentialbereicbe batten, vorgenommen. Die dabei erhaltenen 
Ergebnisse gaben uns einen Einblick, dass je naher der Potentialbereich 
eines Redoxindikators dem Endwert des Potentials der betreffenden Hefe- 
suspension stand, desto starker die Verzogerung des Potentialabfalls auf- 
trat. 

Es ist nun wiinacfaenswert zu untersuchen, inwieweit die besdiwerende 
Wirkung auf die VerzSgming des Potentialabfalls durdi die Vffsdiieden- 
heit der Kapazitat desselben RjBdoxindflcators verSndert wird. Ab der 
geeignete Redoxindikator wurde Methylenblau gewiihlt Methylenblau 
wurde in das eine Gefass 0,0001^4 und in das andere 0,000594 zugesetzt, 
namlkh war die Kapuitat 'des letztom 'itenftnal so gross wie diejmige 
des ersteren. Die BedesqaiHltailw beiifar 

glsisIwBitig gsmessen. 

Die erhaltenen Ergebnisse sind in Tabdle 8 xusammengestdH tmd in 
Abb. 5 grapbiscb wiedergegdben. 
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Tabelle 8. 

RndttxpoXtfiiwl dtT Suspension von Saocharomyces cerevisias in 3%iger Glukose- 
idsungt Fhosphatpuffer, p//=5,4, tn Stickatoff. Zugabe von Methylsnhlau in 
perschiedenen Konzentmiionen. Bei * Stickatoff eingeleitet, bei ** Stickstoff- 
tufuhr unterbroehen. 



jKHVtjrannjii 


Eh in Millivolt 

Eh in Millivolt 

0 

0,5046 

+0,4632 

30 

+0,4632 

+0;4563 

45 

+0,4579 

+0,4667 

60* 

+0,4639 

+0,4664 

75 

+0,4050 

+0;3980 

90 

+0,3680 

+0,3786 

120 

+0,8108 

+0,2907 

135 

+0,2667 

+0,2498 


+a 1475 

+0,1696 

165 

+0, 1325 

+0, 1378 


Zeit in 

Methylenblau 

0,0001?^ 


Min. 

Eh in Millivolt 

Eh in Millivolt 


+0, 1316 

+0. 1378 

195 

+0, 0567 





255 

-0,1665 

+0,0937 

285 


+0, 0461 

315 



345 


~0, 1779 

375 

-0, 1691 

-0, 1779 

405 

-0, 1691 

~0, 1779 



012345678 
■Zeit in Stunden 


Abb. 5. Redoxpotentiale der Suspension von Sacchanmycea cereviaiae 
in S^iger Glukoseldtung, Phosphatpuffer, in Stickstoff. Bei 

t Stjckstoff eingeleitet, bei 4 StickstoRsufuhr unterbrochen. 

0—0 1.10“"^^ige Methylenblauzugabe 
5.10"‘^^ige Methylenblamsugabe 

Am Tabelle 8 und Abb. 5 gdit hervor, dass die beiden Potential- 
vetUlnle anfangs Shnlicfa absinken und die Abflachungeii do* beiden 
P oHwrt ia he itkurven zur gidchm Zeit auftreten, wahrend die Potentiale da$ 
Bereieh etini + ISOmV. duidilaiifen. Bei 0,0001 9 ^ iger Methylenblauzugabe 
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«chreitet das Potential in ’ der Negativitat wieder nach einiger Zeh fort, 
um den im vorigen Versuche gefundenen Endwert des Potentials zu 
erreichen. Bei 0,0005 ^iger Methylenblauzugabe wird dagegen der Poten- 
tialabfall langer verzogert, obwobl der Endwert des Potentials trotzdem 
gleicb wie beim vorigen Falle bleibt. 

Von auffallender Bedeutung ist die Tatsacbe, dass die Potentiate in 
Gegenwart von Metbylenblau, unabbangig von der Zeit ibrer Abfalls- 
verzogerung, auf demselben Niveau einzustelien kommen. Obwobl die 
Abflacbungen der Potentialzeitkurven boher als die tbeoretisch zu erwar- 
tenden lagen, diirfen die Ergebnisse dieser Versucbe obne weiteres dafiir 
sprecben, dass durcb die beschwerende Wirkung des zugesetzten Redox- 
indikators die Abfallsverzdgerung des Potentials bervorgerufen wird und 
offenbar auch seine Kapazitat daran beteiligt ist. 

Alle diese Ergebnisse fiihren uns zu dem Scbluss, dass das Potential 
der Hefesuspension unabbangig von der Gegenwart des Redoxindikators 
denselben definitiv eingestellten Endwert erreicben kann, obwobl betreffs 
des jeweiligen Potentialwerts in jedem beliebigen Zeitpunkt die Messungen, 
je nacb dem sie mit oder obne Redoxindikator durcbgefiihrt werden, 
nicbt immer in Ubereinstimmung kommen, well der zeitlicbe Verlauf der 
Potentialkurve durcb den Zusatz des Redoxindikators ekigentumlicb be- 
scbwert wird. 


8. DISKUSSION. 

J. Lehmann (1934) beobacbtete das Potential des Einzelsystems der 
Garung: Alkobol-Debydrogenase-Acetaldebyd, was dabei als Oxydans zu 
dienen schien. F. Lipmann (1934 c) hat die Versuche iiber die Bildung 
des Reduktans bei der Garung des Mazerationssafts der Helen potentio- 
metrisch ausgefiihrt. Da aber die Garung zu'einem sehr komplizierten 
Vorgang gehort, so ist es dabei scbwer zu versichern, welches von verschie- 
denen, an der Garung vorliegenden Reaktionssystemen an der Feststellung 
des Potentials beteiligt sei. 

In meinen Versuchen scheinen die ganzen Systeme zwar im reinen 
StickstofF ins stabile Gleichgewicht gekommen zu sein, weil sich das 
Potential nach der vollistSndigen Ersetzung der im Gefass befindlichen 
Luft durcb den rdhen Stidcstoff' auf einem. definitiven Niveau einirtellte 
and daradf lange 'Zeit konstant - blieb. Das dabei erhaltene Pdtditial- 
niveau WOT wesentlich negativ. Und der Endwert des Redoxpottaitials 
der Hefesuspension war ja ganz gleicb, unabbangig davofi, ob >nian ihn 
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mit Hilfe der potentiometrischen Messung oder der Indikatormessung 
feststellen wollte. 

B. C. J. G. Knight (19*30 a) mass bei Mikroben das Redox potential im 
sterilen Kulturmedium mit Hilfe der beiden genannten Methoden neben- 
einander. Dabei wurde es gefunden, dass die beiden Verlaufe des Poten- 
tials bei pH niedriger als 7,5 annaherend parallel miteinander waren, 
aber deren Endwerte nicht immer iibereinstimmten und zwar bei Indikator- 
messung etwa 20 mV, niedriger als die bei den potentiometrischen waren. 
L. Michaelis (1929) schrieb folgendcrmassen : Ein bestimmtes, von der 
Natur des messenden Werkzeuges (Elektrode, Indikator) unabhangiges 
Potential ist nur dann zu erwarten, wenn das ganzc System im (Jleich- 
gewicht steht. In meinen Versuchen, wobei das Elektrodenpotontial der 
Hefesuspension in Gegenwart einer Spur von Redoxindikatoren neben den 
Veranderungen ihrer Farben beobachtet warden, stimmte der Endwert 
des Ij^lektrodenpotentials mit dem Potentialwert, welcher von der Ent- 
farbung des zugesetzten Indikators aus zu beurteilen war, beinahe iiberein. 

Auf Grund dieser Uberlegungen kann man zu dem Schluss kommen, 
dass der wahre Endwert des Redoxpotentials der Suspension lebender 
Hefezellen bei pH =5,4, unter der anaeroben Bedingung, niedriger als 
die Normalpotentiale der angewandten Redoxindikatoren, d. h. Mcthylen- 
blau, Indigotetrasulfonat, Indigotrisulfonat und Janusgriin bei der ge- 
nannten Bedingung liegen muss, wenn er sich auch ganz nahe zu dem 
letzteren befindet. 

Uberdies unter der anaeroben Bedingung ist gar keine wesentliche 
Verschiedenheit zwiscl^en den Endwerten der Redoxpotentiale sowohl aus 
der potentiometrischen als auch aus der Indikatormessung feststellbar. 

Wenn man diesen Sach verbal t in Betracht zieht, so kann man 
Sogleich erkennen, dass die in meinen Versuchen erhaltenen Resultate 
beinahe mit denen von E. Aubel, E. Aubertin und L Genevois und 
auch von C. Fromageot und P. Desnueixe gleich gesetzt werden kdnnen, 
dagegen von denen von A. J. Kluyver und J. C. Hoogerheide stark 
abweichen. Diese Verschiedenheit ist um so mehr von grosser Bedeutung, 
als meine Versuche gerade wie diejenige von A. J. Kluyver und J. C. 
HoogerMEIDHI potentiometrisch ausgefiihrt wurden. Es ist aber augen- 
blicklich schwer zu sagen, warum meine Resultate von denen von A. J. 
Kluyver und J. C. Hoogerheide abweichen sollten. 

Meiner Ansicht nach gibt es wenigstens zwei Moglichkeiten fiir das 
Zustandekommen dieser wesentlichen Verschiedenheit der beiden Resultate ; 
namltch erstens das Vorhandensein der Sauerstoffspur im Gefass, was 
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auf die unvollkommene Ersetzung der Luft durdi den Stickstoff odor 
zufallige Unreinheit des angewandten Stickstoffs zunickgefiihrt warden 
kSnnte, und zweitens der Einfluss der beschwerenden Wirkung des zu- 
gesetzten Methylenblaus auf den Potentialverlauf. ■ 

Was die Einwirkung der Sauerstoffspur auf das Redoxpotential betrifft, 
so scbeint es durchaus mbglich, dass wenn sich selbst eine Spur des 
Sauerstoffs im Gefass befindet, so erstens direkt die reduzierten Teile des 
Garsystems ziemlich schnell oxydiert und dementsprecbend das Mengen- 
verhaltnis C^x] : [Red] gar nkht kleiner werden kann, wodurch das 
Potential notwendigerweise das hohere Niveau zur Folge hat, und zweitens 
indirekt physiologische Anderung des Stoffwechsds der Hefezdien, weil 
die Atmung neben der Garung vorgeht, die Einwirkung auf das Potential 
in der gleichen Richtung zu erwarten ist. 

Meine schon beschriebene Beobachtung wies auch darauf bin, wie 
static selbst eine Spur des Sauerstoffs auf das Redoxpotential eiijwirkt. 
L. Michaeus und L. Flexner (1928) beobachteten die storende Wirksam- 
keit allerkleinster Sauerstoff'Beimengungen bei der Messung des Cystein- 
potentials. B. C. J. G. Knight (1930) berichtete, dass das Potential im 
Mikroben baltigen Kultormedium sowohl durch das Mischungsveriialtnis 
zwischen dem sorgfaltig gereinigten und dem ungereinigten Stickstoff als 
auch durch die Zufuhrsgeschwindigkeit des gemischten Gases auf dem 
beliebigen Niveau beschwert werden konnte. Diese Tatsachen sprechen 
fiir die erste MSglichkeit. 

Es bleibt nocb eine andere Moglichkeit zu boiicksichtigen, inwieweit dm* 
zugesetzte Redoxindikator das Potential im Kulturroedium auf enem be* 
stimmten Niveau beschweren kann. Von R. K. Cannan, B. Coh 3^ und 
W. M. Clark (1926) ist ein dksbezii^icher Versuch gemacht Borden, 
wobei sie beobachteten, dass die Potentialkurve bei der Hefesuspension 
an dem Potentialbereich des zugesetzten Methylenblatfs merklich sdigeflacbt 
wurde und sobald das beschwerend wirkende Metbylehblau vbllig reduziert 
wurde, das Potential wieder zu sinken fortsetzte. L. F. Hewitt (1933) 
beschrieb in seiner Monographie, dass als die beschwerende Wirkung des 
zugesetzten Redoxindikators schwach war, so wegen des ganz fehlenden 
Oder geringen Einflusses des Indikators die Negativitiit des Potentials 
wieder weiter fortschritt; als aber smne Wirkung sehr rtark waT^ das 
Potential ausserordentlich beschwert und ohne weitere Oberschreitung aus 
seinem Potentialbereicbe eingestellt wurde.. Die Verzogerung des Potential- 
abfalls, welche durch die beschwerende Wirkung des Redoxindikators bei 
dem besonderen Potentialbereich bervorgmufen war, trat auch in memem 
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Versuch auf. Dabei wurde auch Abhangigkeit der beschwerenden Wirkung 
von dem Kapazitatsfaktor des zugesetzten Indikators festgestellt, d. h. je 
geringer seine Kapazitat war, desto schwScher war seine Wirkung. 

Was nun die angewandte. Methylenblaukonzentration (0,0001 <^), womit 
auali A. J, Kluyver und J. C. Hoogerheide die Versuche ausfiihrten, 
anbetrifft, so war die beschwerende' Wirkung auf das Potential bezw. die 
Verzogerung an der Potentialkurve sehr schwach. Von der zweiten 
Moglichkeit, d. h. d«r beschwerenden Wirkung des zugesetzten Methylen- 
blaus kann also, wenigstens fur die genannte Konzentration, keine Rede 
sein. 

Bei den Versuchen in dieser Richtung wurden friiher die Redoxindi- 
katoren dem Medium zugesetzt, um die Einstellungsgeschwindigkeit des 
Potentials zu erhdhen (B. Elema, A. J. Kluyver und J. W. van Dalfsen 
(1934) und A. J. Kluyver und J. C. Hoogerheide (1934)). Dabei wurde 
gewohnlkh der im betreffenden Potentialbereich teiiwei.«e reduziert vor- 
Uegende Redoxindikator als der geeignete gewahlt. 

Man erinnere sich hier an das in Ab-schnitt 6 erbaltene Ergebnis. 
Bei Gegenwart des Janusgriins, welches im betreffenden Potentialbereich 
teilweise reduziert wurde, war ziemlich kiirzere Zeit als bei den anderen 
vSllig reduzierten Redoxindikatoren erforderlich, um das bestimmte 
Potentialniveau zu erreichen. Ohne Indikator war aber die Einstellungs- 
geschwindigkeit trotzdem ahnlich gross wie in Gegenwart des Janusgriins 
und wurde der stabile Potentialverlauf beobachtet. Es scheint deswegen 
wiinschenswert, diese Frage noch waiter eingehend auseinanderzusetzen. 

F. Lipmann (1934 a, b) war der Meinung, dass die Resultate aus der 
potentiometrischen Messung ohne geeignete Indikatoren sehr unbefriedigend 
waren und erst in ihrer Gegenwart eine charakteristische Potentialkurve 
gefunden warden konnte. Wenn man aber in Betracht zieht, dass die 
potentiometrische Messung tatsachlich die einzige Methode ist, welche 
ohne Einwiinde von den beschwerenden, katalytischen und auch giftigen 
Wkkungen der Redoxindikatoren bei der Indikatormessung das Redox- 
potential im bMagiaciien System feststellen lasst, so muss bei der potentio- 
metrisdien Messung in Gegenwart von Redoxindikatoren eine geniigende 
Vorsicht auf die Indikatorenwirkungen verwendet warden. 

9. ZUSAMMENFASSUNG. 

1. Duidh die Anwendung des WARBURGsdien manpinetrischen Apparatsr . 
in dessen Giirungagefiiss eine Platinelektrode, ein KChAgaHieber und m 
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Gaszufuhrsrohr eingebunden waren, wurden in den Suspensionen lebender 
Hefezellen (Saccharomyces cerevisiae) die Redoxpotentiale gemessen und 
gleichzeitig die von der Garung entwickelten Kohlensauremengen fest- 
gestellt. 

2. Unter streng anaerober Bedingung ist da: Endwert des RedoX' 
potentials der glukosehaltigen, auf pH =5,4 gepufferten Hefesuspension 
etwa von —170 bis —180 mV. festgestellt. 

3. In den genannten Hefesuspensionen, denen eine geringe Menge 
der Redoxindikatoren zugesetzt war, fturden die Potentialverlaufe unter- 
sucht und daneben die Entfarbung der zugesetzten Indikatoren verfolgt. 
Von den angewandten Indikatoren bewirkten Methylenblau, Jndigotetra- 
sulfonat und Indgotrisulfonat in ihren eigentlichen Potentialbereichen 
infolge der beschwerenden Wirkungen die Abfallsverzogerungen der 
Potentiate, und sie wurden vollstandig reduziert; Janusgriin verhalt sich 
aber ganz anders, und es wurde im betreffenden Potentialbereich nicht 
vollstandig reduziert. 

4. Es wurde festgestellt, dass das Potential der betreffenden Hefe- 
suspension unabhangig von der Gegenwart des Redoxindikators einen 
bestimmten Endwert erreicht. 

5. Mit verschiedener Konzentration des zugesetzten Methylenblaus, 
1.10~''9^ und 5.10~‘9^, wurde sichergestellt, dass die Abfallsverzogerung 
des Potentials, welche auf die beschwerende Wirkung dieses Indikators- 
zuriickzufiihren war, langer bei der letzteren als bei der ersteren war. 

6. Unter streng anaerober Bedingung war immer der beinabe gleiche 
Endwert des Redoxpotentials der Hefesuspension sichergestellt, unabhangig 
davon, ob die Potentialmessungen potentiometrisch oder indikatorisch aus- 
gefiihrt werden. 

Zum Schluss mochte ich meinem hochverehrten Lehrer, Herrn Professor 
Dr. Y. Yamaguti, unter dessen Leitung vorliegende Arbeit ausgefiihrt 
wurde, fiir die hilfreiche UnterstiitZung und das rege Interesse meine 
herzlichen Dank aussprechen. 
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The present work was undertaken as a re-investigation of a previous 
work (Hamada, 1933) on the correlation between fertilization and cardiac 
activity in oysters, and was primarily concerned with the effects of dilution 
of sea water and of chlorides of potassium, magnesium and calcium in 
artificial media. 

In the previous paper, it was shown that in various experimental media 
there seems to be a certain general correspondence between variations in 
fertilization of eggs and those in activity of isolated heart as indicated by 
the product of amplitude and frequency of its pulsation. However, in 
later experiments on the effect of KCl in Ostrea drcumpicta, a much 
closer parallelism was found between fertilization percentages and variations 
in aipplitude of heart beating than between the former and the products 
of amplitude and frequency. Moreover, in the previous work, heart beat 
and fertilization were not observed in the same individuals, but observed 
separately in different specimens, and sometimes even in different sexes. 
In the present investigation, in order to give more complete data on this 
line, the heart beat was observed only in these mature female oysters, 
die fertilization of eggs from which was examined in die media of the 
same chemical composition and under the same temperature conditions. 
The results (d experiments are presented below. 
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suggestions, and has read, criticized and revised the manuscript. 


MATERIALS AND METHODS 

Ostrea circumpicta Pilsbry has served as the chief experimental 
material but has been supplemented by 0. rimlaris Gould for certain 
comparative purposes. The specimens of 0. circumpicta from the Mutsu 
Bay were tested at Asamushi Marine Biological Station of Tohoku 
Imperial University, and most of the specimens of the same species from 
the south-west coast of Honshu were examined at Kaike, Hoki Province, 
and the remainder part at Fukuoka. The latter species was collected 
from the Sea of Ariake and examined at the Biological Laboratory of 
Fukuoka Koto-Gakko (Fukuoka Junior College)* 

As the experimental media for the present investigation, the several 
different dilutions of natural sea water and various modifications of 
Berger’s solution were employed. In this work the concentration or 
salinity of normal and diluted sea water was indicated in terms of specific 
gravity at 15X1. Controls in sea water of 1.023 in specific gravity were 
used, since in this concentration of sea water the percentage of fertiliza- 
tion of eggs from both species is constantly high and almost 100 per cent, 
and the isolated heart of the oysters shows normal pulsation in rhythm 
and contraction. 

In tentative experiments, van’t Hoff solution was found not to be 
adequate as an artificial balanced solution for both egg and heart of 
these species, although isolated heart O. circumpicta in this solution is 
said to continue indefinitely its rhythmical pulsation (Takatsuki, 1927). 
In van’t Hoff solution the fertilization percentage of eggs is generally 
much less and the frequency of heart beatjbg is greater than in natural 
sea water (Hamada, 1929, 1933). And it was also found that a solution 
devised by Berger (1929) was much satisfactory for these forms.. The 
calcium potassium ratio in that solution is much closer to that of sea 
water than in van’t Hoff solution, but even in this solution the amplitude 
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is still less and frequency is somewhat greater than in natural sea water. 
In view of th( se results, modified Berger solutions were made up on die 
basis of two formulas as follows: 


Solution A 

NaCl 

CaClj 

KCl 

MgCl, 

MgSO, 


86.5 cc. 
2.3 cc. 
1.5 cc. 
6.0 cc. 
3.7 cc. 


Solution B 


NaCl . 
CaClo . 
KCl . . . 
MgCL. . 
Na,S(), 


83.0 cc. 
2.3 cc. 

1.5 cc. 

9.5 cc. 
3.7 cc. 


All solutiong were composed of 4/10 molar concentration. The 
mixture was raised to pH 8.2 by addition of a minute quantity of 
NaHCOs. The specific gravity of these solutions is about 1.021. 


These standard solutions were found to be most satisfactory, so far as 
the writer *^5 trials were concerned, in which the fertilization percentages 
of eggs and pulsation of isolated heart of oysters were approximately 
those in natural sea water (1.023 in specific gravity). The solution A 
was adopted as a standard solution for the examination of the effects of 
excess and deficiency of KCl and of CaCh, and the solution B, for that 
of MgCla. The variation in the amount of each salt to be tested were 
given in volume per cent, that is, in cubic centimeters, of 4/10 molar 
solution of it ; the remaining part of the solution being essentially the 
standard solution but with the removal of the salt in question. 

The artificial fertilization of eggs was made in ordinary way in normal 
sea water and in the solutions to be tested, and the fertilization percen- 
tages, the fertilization ratio relative to the percentage in normal sea water 
was calculated, for each experimental medium, and was indicated by per 
cent of the control which was taken as 100. 

The pulsations of the isolated heart of each oyster were recorded on 
a drum of kymograph by a single suspension method. The heart was 
immersed in normal sea water until the pulsation had become well esta- 
blished ; then it waa exposed to the solution to be tested until the character 
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of the response became steady, for which usually it took 7 to 8 minutes 
after exposure ; after which, to restore its beating, it was again immersed 
in the natural sea water. From these records, the ratios of amplitude 
and of frequency of heart beating in experimental media relative to those 
in normal sea water were determined respectively, as a per cent of dte 
latter. And the relative amounts in product of amplitude and frequency 
were calculated from these data. The results of the experiments are 
presented in a summarized form and graphed in Figures. 

EXPERIMENTAL RESULTS 

Effects of diluted sea water. The diluted sea water in specific gravity 
from 1.020 down to 1.005 were tested ; and controls in normal sea water, 
specific gravity of which was 1.023, were used. 

The experimental results of the experiments on O. ctrcumpicta are 
given in Figures 1 to 3, with percentages of ratios in fertilization (solid 
circles), amplitude (circular outlines) and frequency (crosses) of heart 
beating and their product (triangles) as ordinates against specific gravities 
of sea water used as abscissae. Figure 1 shows the data obtained from 



Fig. 1. Th« relation of vwiatioM in fertilbation percentage of egge 
^lid cirdes), and amplitode (circular outUnoe) bwivoncjr (aoetea) of hoart 
pulsation, and of those in the product of nmpUtnde and fn^uo^ (triangles) 
to the dilution of sea water in O. etfewNpfeta bom Mutsu Bay. Ordinaliis 
ropresent percentages relative to the controls In hormal sea water. ' 
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the experiments at Asamushi on the Mutsu Bay material, and Figure 2 

and 3, those from the experiments at Kaike and Fukuoka on the Hoki 

specimens. The data given in these graphs are based on the averages 
of the results of the experiments of 10 lots for each Figure. 

As shown by the graphed data in Figure 1, the fertilization ratios 

(solid circles) in Mutsu Bay material of O. circumpicta are nearly as high 
as the control in the normal sea water and show a little irregularity 
within the limits (85.3 to 101.9) in less diluted sea water, specific gravity 
of which ranges from 1.020 to 1.014, but it decreases in more diluted sea 
water, and no fertilization occurs at sp. gr. 1.008. Relative ratio of the 
amplitude of heart beating (circular outlines) shows a continuous decrease 
with the decrease in specific gravity, while ratio of the frequency of 
pulsation (crosses) increases with a decrease in specific gravity ; and 
reaches a maximum, 142.2, at sp. gr. 1.014 ; then decreasing with increase 
in dilution. In consequence, in the Mutsu Bay specimens of O. circumpicta, 
the relation of variation in fertilization ratio to the concentration of sea 
water is rather closely parallel to that of the amplitude than to that of 
the frequency of heart pulsation. 

Figure 2 shows the 
results of experiments 
at Kaike on the Hoki 
specimens of the same 
species. In these speci- 
mens, fertilization ratios 
at the specific gravities 
of sea water, 1.020, 

1.017 and 1.014 are 
approximatdy the same, 
or slightly higher (100.5 
to 105J1! per cent of the 
control) than die control 
in the normal sea water; 
but in mom diluted sea 
water it decreases with 
an increase in dilutbn. 
in dieseapecimens, like 
the specimens from die 
Mutsu Buy, the ampli- 
tude ratio decreases 



Fig* Z, The relation of variationi in fertilieation per- 
centage of egge, amplitude and frequency» and of those 
in the product of amplitude and frequency to the vgrioup 
dilutions of sea water in O. circumpicta from HMci (Keihe 
examination)* Ordinates, abscissae, and symbols, as in 

Fif a. 
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continuously with the decreasing of the specific gravity, but the frequency 
ratio increases and reaches a maximum (124.8), at sp. gr., 1,014, then it 
decreases in much more diluted sea water. Accordingly, in the Hoki 
specimens examined at Kaike, the fertilization ratio varies neither with 
the variation of the amplitude nor with that of the frequency of heart 
beat, but, as the graph shows, it seems to vary with the variation in 
product of amplitude and frequency (triangles, in Fig. 2). 

However, in the Hoki specimens examined at Fukuoka, the data of 
which are graphed in Figure 3, the variations in the fertilization ratio 
in diluted sea water are more closely related to those in the amplitude 
than to the frequency variations or to those in product of amplitude and 
frequency. The frequency ratio of these specimens highly increases up 



Ktg. 3. The relation of variations in fertilization percentage, amplitude 
and frequency, and of those in product of amplitude and frequency to the 
dilution of sea water in O. circumpicta from H6ki (Fukuoka examination). 
Ordinates, abscissae, and symbols as in Fig. 1. 

to 119.3 at sp. gr. 1.011, while at the same specific gravity, both fertili- 
zation ratio and amplitude ratio decrease down to 56.6 per cent and 61.5 
per cent, respectively. And the frequency ratio is still relatively high 
(65.2), even at sp. gr. 1.005, at which fertilization of eggs is completely 
inhibited and the amplitude ratio is only' 13,5. 

In consequence, among the results from these three experiments on 
O, circumpicta, there are found some differences in correlation* of the 
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fertilization ratio to the heart activity, but for which no definite reason 
can be given, since the further analytical data necessary for account are 
not at hand. However, from comparison of the graphs in Figures 2 to 4, 
it may be permissible to conclude that in this species the fertilization ratio 
varies in general with dilutions of sea water, and its variations run closely 
parallel either to the variations in amplitude (Fig. 1,3), or with those in 
product of amplitude and frequency of heart pulsation (Fig. 2). 

Effect of variations in amount of KCl in artificial medium. In this series, 
the experiments were performed in artificial solution A (p. 575), in which 
the volume percentage of 4/10 molar solution of KCl was changed as 
follows: 0 percent (i. e., complete lack of KCl), 2 per cent, 4 per cent, 
6 per cent, 8 per cent, 10 per cent and 12 per cent, but without any 
change in the concentration of the other salts ; and the controls in natural 
sea water, specific gravity of which was 1.023, were employed. The 
results of the experiments on Mutsu Bay specimens of O. circumpicta, 
are presented in Figure 4, and those on Hoki specimens, in Figure 5. 
In graphs, solid circles represent fertilization ratios ; circular outlines, 
amplitude ratios ; crosses, frequency ratios of heart beat ; and triangles, 
ratios in product of the latter two ; abscissae represent concentrations of 
KCl in volume per cent in the artificial solution A. The data given in 
Figures 5 and 6 are based on the averages from the results of experi- 
ments on each 10 individuals, respectively. 

In O. circumpicta (Figs. 4, 5), the relations of variations in fertilization 
ratio and in amplitude ratio of heart beating to the concentrations of 
KCl are generally the same in the specimens from both localities, Mutsu 
Bay and Hoki. In other words, these ratios in KCl-free solution decrease 
more or less, and they show some maximal values at 4 per cent of KCl, 
but decrease with the increase in concentration of KCl in the solution. 
Regarding the effect on the frequency of heart pulsation, however, there 
is a great difference between the two above mentioned species. In Mutsu 
Bay specimens, the frequency ratio (crosses in Fig. 4) alters quite irregu- 
larly: it is considerably high (129.1) at 0 per cent of KCl, and decreases 
to 108.9 at 4 per cent, but greatly increases, (139.2) at 8 per cent, and 
again decreases down to 70.9 at 12 per cent, white in Hoki specimens 
(crosses in Fig. 5), though it is also exceedingly high, (150.5) in KCl-free 
solution, it decreases continuously as the concentration of KCl increased. 
Therefore, from these results, it seems impossible to draw any simple 
definite view concerning, the effect of various .concentrations of KCl upon 
the frequency of heart beat of these species of oyster, with exception of 
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Fig. 4. The variations in fertilization percentages of eggs (solid circles)* 
amplitude (circular outlines) frequency (crosses) of heart beat* and those tn 
the product of amplitude and frequency (triangles) in different concentrations 
of KCl in modified Berger solution in O. circumpicta (Mutsu Bay specimens). 
Ordinates percentages relative to the controls in the normal sea water; 
abscissae volume percentages of 4/10 moler solution of KCl. 



Fig. 5. The variations in fertiUaation percentage* amplitiide and fre* 
quency and those of the produet of ami^^tiide and frequency of heart heating 
in different concentrationa of KG In O. eiraun^fieta (H6ki apedmens). 
nates, abscissae and s^aahote* as in Fig. 4 
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the fact that, in the solutions with much more quantity of KCi than 4 
to 6 per cent, it decreases with increase in amount of KCi. 

Effect of variations in amount of MgCk in artificial medium. In this 
series, O. circumpicta from both localities, Mutsu Bay and Hoki, was 
examined with solutions containing different concentrations of MgCl, in a 
standard solution B (p. 575). The concentration was also given in volume 
percent of 4/10 molar solution of the salt, as in the previous cases with 
KCI. The percentages used here were as follows : 0 per cent (i. e., com- 
plete lack of MgCljt), 10 per cent, 20 per cent and every 10 per cent 
increase up to 70 per cent. The results of the experiments on Mutsu 
Bay specimens are graphed in Figure 6 and these on -Hoki specimens, 
Figure 7. These graphed data are based on the average from the results 
of experiments of 10 individuals for each Figure. 

In Mutsu Bay species, fertilization ratio (solid circles in Fig. 6) is a 
little lower (87.9) at 0 per cent than in normal sea water, and slightly 
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Fig. 6. The variations iit fertilization percentage, amplittide and frequency 
of heart pulsation and those in the product of amplitude and frequently In different 
concentrations of MgGs in modified Berger solution in O. dreumfriata from 
Mutsu Bay. Ordinates percentages relative to the controls in the normal sea 
water, idiscissae volume percentages of 4/10 molar solution of MgCh in the 
media. Symbols, as in preceding Figures. 

increases (94.4, 95.7, 94.3) at 10 to 30 per cent MgClt, but above 
these concentration^ it decreases with toe increase in concentration of 



mz 


S. HAMADA 


the salt. The amplitude ratio (circular outlines) in these specimens, like 
their fertilization ratio, shows rather low value (88.5) at 0 per cent, and 
it increases high up to 131.9 at 30 per cent, but decreases gradually 
with the further increase of MgCI«. 

Fertilization ratio of Hoki specimens (Fig. 7) is also low (79.8) in 
MgCls-free solution, and it rises up to the normal ratio (99.3) at 10 per 
cent of MgCI», hut it decreases as the concentration of the salt increases 
in the media. The amplitude of heart beat in these specimens is low 



Fiff. 7. The variations in fertilization percentage, amplitude and fre- 
quency of heart beat and those in the product of amplitude and frequency in 
different concentrations of MgCl: in modified Berger solution in O. c/rcam- 
picta from Hoki coast. Ordinates, abscissae and symbols, as in Fig. 6. 

(79.0) at 0 per cent, and increases up to 135.0 at 50 per cent, then falls 
again at 60 per cent of the salt. The frequency ratio of heart pulsation 
in both, Mutsu Bay and Hoki specimens, is much higher (122.8 and 149.5) 
at 0 per cent than the controls in natural sea .i^ater, and contrarily to the 
depression of amplitude ratio, .it shows a continuous increase with the 
increase in concentration of MgCli salt. From graphs in Figures 6 and 
7, it is seen that the fertilization ratio in O. anumpicta increases a little 
at the concentration of MgClj from 0 to- 10 per cent, and goes parallel 
to the increase in amplitude, but in. further concentration MgCk it de- 
creases, running parallel to tiie decrease in frequency ratio. 

Effect of wriaHona in amount of CaClt m artificial medium. In this 
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series, O. dfcumpicta was examined in a standard solution A (p. 575) in 
wbich the concentration of CaCl 2 was altered from 0 to 80 per cent in 
volume. The results of experiments are given in graphs in Figures 8 
and 9. The graphed data fgr Figure 8 are based on averages of the 
results obtained from the experiments on 10 individuals, and those for 
Figure 9, from the experiments on 12 individuals. 

In Mutsu Bay specimens (Fig. 8) the fertilization ratio is remarkably 
low (35.9) in CaCIrfree solution, and it nearly recovers the normal ratio 
(90.3) at 10 per cent of CaCh, but decreases again in further increase 



Fig. 8. The variations in fertilization percentage of eggs, the amplitude and 
frequency of heart beat and those In the product of amplitude and frequency in 
different concentrations of CaCls in modified Berger solution in O. circumpicta from 
Mutsu Bay. Abscissae volume percentages of 4/10 moUr solution of CaClj; ordinates 
and symblos, as in the preceding Figures. 

in concentration of the salt, and almost no fertilization occurs at 25 per 
cent. The amplitude ratio in Mutsu Bay specimens is also relatively low 
(72.6), and in higher concentration, it increases to 'a great extent, reach- 
igg a maximum (171.1) at 25 per cent of the salt, but beyond this con- 
Mttration, it shows a uniform decrease, with increase in amount of CaCl, 
in the sidutlon. The frequency ratio is a little higher (111.9) at 0 per 
cent than the eontrol, and as the concentration of the salt rises up in 
tim media; it conthiuoasly decreases down to 9.6 at 70 per cent. 
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Concerning ijrelatkmi of fertHiation ratio, and amplitude ratio to the 
concentration of CaCii. Hf3d specimens (Fig. 9) appear to be nearijr tibe 
same as in Matsu Bay specimens, but a maximd variation of ansiditude 



Fig, 9. The variations in fertilization percentage, an^itude and fre- 
quency of heart beat, and those in the product of amplitudi and frequency 
in different concentrations of CaCIs in modified Bbrgbr solution in O, 
cumpicta from H6ki Coast Ordinates, abscissae and symbols, as in F|g. 8. 

at 40 per cent is much less (117.3) than that of the former (171.1) at 
25 per cent. The frequency ratio at 0 per cent is exceedingly high 
(137.1) in Hoki specimens as compared with that in Mutsu Bay material, 
and like those iii Mutsu Bay ones, it decreases jwith an increase in con* 
centration of CaCh, reaching very low ratio (11.2) at 60 per cent. 
Experim^aU on O. rivularis with diluted sea todteir and different conoenira- 
Hone of KCl in modified Berger aohdion. Hie experiment with O.' rivw 
laris was by far less extensive than with O. dmunyficta, and concrimed 
only with diluted sen srater and KCl salt. But for the pinrpose of com* 
pariaon the data obtained are ‘appended here. 

The experimental results on- O. runkaris widi ditut6d sea' w^dter .are 
{paphed in Figture 10.. Thera Igraphs are based on the averages :from 
the results of 8 lots of experiniaits, eacfalcomnsthig of eggs and k iiewt 
from a single oyster. In ‘this spectea, fertiHzation perci^tage (solid c ir c l e a) 
is not affected by sudi;dffutions of sea water' so L^O to 1.011 an spec^is- 
gravity, and H shows there nearly . 100 per cetit ef .the eenirol! (dials' to 
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89.0). It detrvaacs oonsklerabiy in much lower concentrations, i. e., 44.0 
At the specific gravity 1.008, and no fertilization occurs at sp. gr. 1.00&. 



FI*. 10. The variations in fertilization percentage of eggs, amplitude 
and frequency of heart beat, and those in the product of amplitude and fre- 
quency at different specific gravities of sea water in O. rivularis. Ordinates, 
absciasae and aymhola, as in Fig. 1. 

Accordingly, the fertilization ratio is almost constant at gr. 1.020 to 
1.011 and as high as the control in normal sea water at sp. gr. 1.023, 
but in more diluted sea' water it decreases with an increase in dilution. 
Relative ratio of the amplitude of pulsation (circular outlines) in isolated 
heart increases a little with increase in dilution, reaching a maximum, 
119.2 at tp. gr. 1.017, and it comes again to the same amplitude as 
the oontrd, at sp. gr. 1.011» 8ien it decreases as the specific gravity also 
decreases. However, relation bf frequency ratio with the concentration 
of sea water is quke irregular. The frequency ral^ (crosses) ^ows t\vo 
maxima at sp. gr. 1.020 (112.5) and at sp. gr. 1;011 (133.3), and two 
minmiB at sp. gr. 1.014 (9448) uid at sp. gr. 1,005 (20.8). Therefore, 
as die grai^ shows, in 0.,rimUm8 variations of fertilization ratio in 
sea may be said to run pardHel to those of the amiditiida 
ratih, but not to tiiese of fraquency ratio, and, .consaquentiy not to fboae 
in inmdiict of amplitude and friM|MNiey ^ hbart beating. 

The data from tiie experiments mith itiiffecant . eonceiltratiotts of KQ 
in riwiiarfs aco gr^ilMd kt Figure lit. Thefsnaphed data are based 
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on the averages from the results of experiments on 4 individuals. The 
fertilization ratio (solid circles) in KCl-free solution -in considerably low, 
73.8, and it increases, as the amount of KCl increases, reaching a maximum, 
111.3, at 4 per cent of 4/10 molar KCl in the solution, but it gradually 
decreases with further increase in concentration of KCl. In KCl-free 



Fig. 11. The variations in fertilization percentage of eggs, amplitude 
and frequency of heart pulsation and those in the product of amplitude and 
frequency in different concentrations of KQ in modified Berger solution in 
O. rivulartM. Ordinates, abscissae and symbols, as in Fig. 4. 

solution, the amplitude ratio (circular outlines) was not appreciably altered, 
i. e,, 95.1 and as the concentration of KCl increases, it greatly increases 
to 141.5 at 2 per cent, 151.2 at 4 per cent, 160.1 at 6 per cent, but 
suddenly decreases at 8 to 12 per cent of KCl in the solution. That is 
to say, although in its general form the amplitude cuiVe resembles the 
curve of fertilization, the- range of variations in the former is much greater 
than in the latter. This means- that, in this species, amplitude of heart 
pulsation is more gready influenced by die action of KCl or K*ion than 
the fertilization. On die contrary, die frequency of heart beat- Xorosses) 
in KCl-free solution was not much affected, but it decreases almost con" 
tinuously down to ^OiS at 12 per cent ef KCl. The composition of the 
used solution, which contains 2 per-cent of 4/10 molar solution of KCl, 
resembles pretty well- that- of -the -Berger solution, though die relative 
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concentration of KCl is 1.8 per cent instead of 2.0 per cent. In this 
solution, the fertilization ratio of O. rivularis is practically the same (99.6) 
as in normal sea water, but amplitude of heart beat is considerably higher 
(141.5) and the frequency is somewhat lower (85.9) than the controls. 
These results well agree with those from the tentative experiments with 
van’t Hoff solution and Berger solution (p. 575) in supporting the view 
that the latter two solutions are not satisfactory for heart and eggs of 
this species of oyster, especially with respect to the calcium-potassium 
ratio in the media. As to the parallelism between fertilization ratio and 
amplitude ratio, O. rivularis differs from O. circumpicta in their relative 
change in various concentrations of KCl. In O. circumpkta (Figs. 4 and 
5), they vary rather closely with each other in each concentration, while 
in O. rivularis^ the amplitude ratio is conspicuously higher at 2 to 6 
per cent and exceedingly lower at 10 to 12 per cent of KCl than the 
fertilization ratio at the corresponding concentrations of KCl in the media. 

GENERAL CONSIDERATION AND CONCLUSIONS 

At the time of a previous communication (Hamada, 1933), the writer 
held the opinion that in two species of oyster, Osirea rivularis and O. 
circumpicta, the variation in fertilization percentage of eggs caused by 
either deficiency or excess of pota.ssium, magnesium and calcium salts in 
an artificial medium and in natural sea water runs parallel to the variation 
in the product of the amplitude and frequency of heart pulsation. In 
some way, the present 'study seems to call this view in question, since, 
as mentioned above, in some cases the fertilization percentage has been 
found to be much more closely related to the variation in the amplitude 
of heart beat than to the variation in the product of amplitude and fre- 
quency. 

, The data of the present paper show that, in various dilutions of sea 
water, the fertilization percentage in these oysters varies most closely 
with the variation in the amplitude height (Figs. 1, 2 and 4), excepting 
the results of the experiments at Fukuoka on the Hoki specimens of O* 
circumpicta (Fig. 3), in which it varies with the variation in the product 
of amplitude and frequency. But as regards the effects of different con- 
centrations of KCl, MgCh and CaCh in artificial media upon these rela- 
tions between fertilization and heart function, it seems much complicated. 

In the case of complete deficiency of any one of these three salts, 
the fertfiization percentage and the amplitude of heart beat decrease 
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more or less, while die frequency generally inereaim. The grades of 
these variations are, of course, different not only in different species, but 
in different salts, which are withdrawn from the artificial balanced solutions. 
In most cases, the increase in concentration of any tme of these salts in 
the medium causes a decrease in the frequency of heart beat almost con- 
tinuously, but in Mutsu Bay spedtniens di 0. eifcumpicta it shows quite an 
irregular variation with respect to the increase in amount KCi (Fig. 4). 
With an increase in amount of the salts, both fertilization percentage and 
amplitude generaUy increase and reach maxima at certain concentrations, 
but again decrease in further concentration. However, even in these 
cases, the variation in fertilization does not always run parallel to the 
variation in the amplitude (Figs. 7, 8, 9 and 11). In O. cireumpicta the 
fertilization percentage varies rather closely to the variation in the ampli- 
tude at different concentrations of KCI (Figs. 4 and 5), but in O. rimdaris, 
both the increase and decrease in fertilization percentage are rather dight 
as compared with the marked variations in the amplitude at the cor- 
responding concentrations of the salt (Fig. 11). As to the effects of 
excess of MgCi, and CaCl„ the parallelism between fertilization percentage 
and the amplitude height are kept only within die limit of relatively low 
concentration (ca. 0 to 10 per cent), and beyond this limit the former 
shows a continuous decrease with an increase in the concentration of 
these salts, while the latter still increases up to a certain amount. In 
consequence, when the amount of MgCl, or CaCl, in the solution is raised 
up ova* such limit concentrations, fertilization percentage of O. cireumpicta 
decreases, and its variation comes to run parallel to the decrease in the 
frequency of heart beat (Figs. 5 to 9). 

Thus, the effects of KCI, MgCI, and CaCl, in modified Berger solu- 
tions on the fertilization are not always in complete accord with the 
effects of these salts on the heart activity. The chief differences found 
in O. dreumpieta are first that the deficiency of the salts causes die de- 
crease in the fertilization percentage and the increase in the frequency 
of heart beating; and second that excess of the salts generaUy results in 
decrease in the fertilization percentage, whUe die larger excess of MgQt 
and CaClt causes greater or less increase in die amplitude. As did results 
from these differences, in some solutions die fertUfration percentage appears 
to vary closely paraUel to the amplitude variation, and in other solutions, 
to the frequency variation. 

However, if regardless of the minor dUferencos, in most of die fore- 
going Figures the general form of the grajdis drawing the variatim in 
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the product of amplitude and ft«quency of heart beat may be found to 
bear generally a rather well resemblance to that of the fertilization varia- 
tions. Accordingly, the conclusion given by the writer in the previous 
paper (Hamada, 1933) seems still good. In other words, roughly speak- 
ing, rdation of the fertilization of oyster eggs to the dilutions of sea 
water and to the concentrations of the salts in artificial media seems to 
correspond considerably well with that of the variation in the product of 
amplitude and frequency of the heart beating. In conclusion, beside the ’ 
question relating to the cause the effects of these factors, and of their 
variations and correlations, it is of much interest to suggest that in these 
mentioned above solutions, the variation in fertilization percentage has a 
certain dose parallelism in a way or other to the variation in the heart 
activity in oysters. 

As to the influence of the salinity of sea water upon the fertilization 
of oyster eggs, Amemiya (1928) reported that the optimum specific gravity 
(at 0°C.'^) for O. rivularia ranges 1.0153 to 1.0200 and for O. cimimpicta, 
1.0233 to 1.0281, and the minimal specific gravity necessary for develop- 
ment is 1.0056 in the former species and 1.0112 in the latter. The results 
of the present paper agree well with those given by Amemiya in support- 
ing the view that developmental processes in O. rivularis can stand in 
much lower salinity than that in O. circumpicta. According to Amemiya, 
the salinity of the natural habitat of O. rivularis ranges from 9 to 30^ 
(i. e., 1.0061 to 1.0222 in specific gravity at IS’C.), while that of O. cir- 
cumpicta from 28 to 35^ (i. e., 1.0206 to 1.0260 in sp. gr. at 15‘C.). 
In fact, the specific gravity of sea water off Asamushi was found to be 
rather high and to show a slight variation, i. e., 1.02416 to 1.02505, 
through a year (1926), except in April (1.02171) and May (1.0229) when 
the melting snow on mountains in this district causes temporarily a little 
lower salinity of water (Hatai and Kokubo, 1928). In the writer’s 
observations at the years of 1927 to 1928, the specific gravity of water 
of Ariake Sea, where is the habitat of O. rivularis, varied from 1.007 
to 1.021 at two miles off Okinohata, Chikugo Province, and near the 
estuary the Okinohata River it was only 1.003 to 1.007 even in Feb- 
ruary, a mondi of minimal rain-faU of the year in this locality (Hamada, 
1933). In consequence, as has been suggested by Amemiya, the above 
mentioned differences in the susceptibility ci eggs between two species 
mee highly probaUe to have a intimate relation to the difference in ecolo- 
pcal conditNms ci their habitats. 

" ''^Tka qjSdfie gravitiM dtad hsra bom Amsmita’s paper are those' at O’C. 
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According to the recent work by Walzl (1937) on an American species, 

0. virginica, the response of the heart to the excess and deficiency of KCI 
salt in van’t Hoff solution differs from that of 0. circumpicta to those 
in the modified Berger solution. In 0. virginica, there is an optimum 
concentration of KCI in van’t Hoff solution, and either increase or de- 
crease in this concentration results in decrease in the amplitude, and 
increase in the frequency to some extent, but the latter decreasing in 
further excess or deficiency of the salt. However, concerning the response 
to CaClg salt, the variations in the amplitude and frequency of heart 
pulsation in O. virginica are generally in accord with those of O. dream- 
picta, except to the extreme low concentrations of the salt. The amplitude 
shows a continous increase with increase in concentration of CaClj up to 
0.17 molar. On the contrary, the frequency at 0.005 molar concentration 
of CaCIi shows a maximal variation, 198 per cent of the normal frequency, 
and continuously decreases with increase in amount of the salt. The 
extremely low concentrations of CaCh less than 0.005 molar (concentra- 
tion of CaCl] in normal van’t Hoff solution is 0.011 molar), cause again 
a marked decrease in the frequency. As shown in Figs. 8 and 9, the 
response of heart in O. drcumpicta to the complete lack of CaClj in 
modified Berger solution is quite different in the frequency variation 
from that in O. virginica to the complete or extreme deficiency of CaCU 
in the van’t Hoff solution. This may be not only due to the difference 
in the proportion in concentration of other salts, but also due to the 
specific difference in relation of heart between these oysters. It is because, 
for instance, 0.418 molar solution of NaCl resumes the heart beating of 
0. virginica, while, according to Takatsuki (1927), the pure solution of 
NaCl, the concentration of which is made up equivalent to that- in sea 
water (ca. 0.4 molar), exerts little or no effect on the heart of O. dr- 
cumpicta. 


SUMMARY 

1. Variations in the fertilization percentage of eggs, and the amplitude 
and frequency of heart pulsation in oysters, Ostrea drcumpicta and Ostrea 
rivularis, are observed in various dilutions of sea water and in different 
concentrations of KCI, MgCIt and -CaCIt in modified Berger solutions. 

2. The fertilization percentage of eggs is not appreciably affected by 
such dilutions of sea water, the specific gravity <rf which ranges from 
1.02G to 1.014 or to 1.011, - but it decreases directly with further decrease 
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in salinity. Both the lower limit of optimum specific gravity and the 
minimal specific gravity for the fertilization of eggs are more or less 
lower in 0. rivutaris than O. circumpicta. 

3. Generally speaking, in diluted sea water, the amplitude height 
varies with the variation in fertilization percentage, but the variation in 
the frequency is irregular: it increases to some extent with the decrease 
in salinity, and it decreases in further decrease in salinity. 

4. Complete deficiency of any one of the three salts, KCI, MgCle, 
CaCl 2 in modified Berger solutions, causes, in general, a decrease in the 
amplitude of heart beat, while it results in increase in the frequency. 
The grades of these variations are different in different species and in 
different salts. 

5. Effects of the excess of the salts in the solutions upon fertilization 
percentage are not always in accordance with the effects of these salts 
on the heart pulsation. The chief differences are first the increase of 
the salts results generally in decrease in the fertilization percentage, and 
second the excess of MgClg and ("aCb in the solutions causes increase in 
the amplitude of heart beat up to certain amounts, and only much larger 
excess of these salts causes decrease in the amplitude. 

6. In O, drcumpicta, the excess of KCI in the solution causes decrease 
in the fertilization percentage of eggs, and in the amplitude and frequency 
of heart beating. The variations in the first two run parallel with each 
other, but those in the frequency are somewhat irregular. In O. rivularis, 
the situation is quite different from O. circumpicta. The fertilization 
percentage and the ami^litude of heart beat in O. rivtdaris show maximal 
values at certain concentrations of KCI, and both increase and decrease 
in such concentrations cause continuous decrease in them, but the variation 
in the former is very slight as compared with marked variation in the 
latter ; and the frequency of heart beat gradually decreases almost directly 
with increase of the salt. Therefore, in O, rivtdaris there seems to be 
no intimate correlation among them at all. 

7. In O. circumpiciaf the excess of MgCU and CaCl 2 in the solutions 
causes decrease in the fertilization percentage and in the frequency of 
heart beating, but the amplitude of heart beat increases as the concen- 
tration of the salts increases, and reaches maximum. Then it decreases 
with further increase in amount of the salts. 

8. Thus, the fertilization percentage appears to vary, being closely 
related to the variation in the amplitude in some solutions, and to the 
variation in the frequency in the others. Sometime, it varies most closely 
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to the variation in the product of amplitude and frequency. However, if 
regardless of minute differences and roughly speaking, the relation of dhte 
fertilization percentage of eggs with the dilutions of sea water and widi 
the concentrations of KCl, MgCii and CaCU in modified Berger solutkms 
may be said to correspond generally well with that of the variation in 
the product of amplitude and frequency, i. e., approximately the varration 
in external work done per unit time by heart muscle as a whole. 
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POSTSCRIPT — After receiving the print of the Fig. 7, I found my misdrawings in 
the marks of fertilization (solid circle) and of amplitude (circular outline) and also 
of frequency (cross) at lOy^ solution of MgClj, which must be placed at the height 
of 99.3, 94.9 and 149.5 of the ordinate respectively. 
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The granulocytes are nearly constant elements in the coelomic fluid 
or blood of the metazoa. This type of cell has drawn the attention of 
many investigators and there is to be found a good deal of literature 
concerning the granulocytes. However, the knowledge on the nature and 
function of these cells is still very unsatisfactory, and this fact is parti- 
cularly remarkable in the case of invertebrates. It is supposed by many 
authors that th^e is, perhaps, some relation between the mitochondria 
and the granules of leucocytes. The recent investigations on mitochondria 
revealed many new facts regarding the chemical nature of this substance. 
It is interesting, therefore, to reexamine the granules of the leucocytes using 
the modern techniques of mitochondrial investigation. This is an essential 
motive for undertaking the present investigation in which I also made 
some observations of the usual haematological properties of the granulo- 
cytes with a hope of making more or less clear the phylogenetic significance 
of these cells. 


MATERIALS 

Materials used in this investigation are as follows: 

Echinodermata 

1. Asteroidea; Henrka levitucula var. mpponica Uchida, Aphelasteria 
jtgtonica (Bell), Asterina pecHnifera (Muller et Troechel). 

2. Hdothuroidea : Leptoapnapia tn haerens (0. F. MOller), Caudina^ 
chilensiM (J. MOllbr). 

^>C(Mitribiition from the Aamuehl Meiiiie Biological Station, Aomori-ken. No. 148. 
This investiiitlon was carried out by a grant from the Japan Society for the Ptomotton 
of ScienHAe Research for which I express my indebtedness. 
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Annelida 

3. ChaetoiK)da : 

a) Polychaeta ; Euphrosffne superba Marenzeller, Ceratocephale ostaioai 
IzuKA, Nereis nUctodonta Marenzeller, Glycera chirori Izuka’’*, Tra- 
visia japonica FnJiWARA*, Potamilla torelli Malmgren. 

b) Oligochaeia ; Pheretima sieboldi (Horst)*, Ph. hilgendorfi (Mich- 
aelsen)*. 

4. Sipunculoidea : Physcosoma scoli)p$ Selenka et De Man, Sipunculus 
nudus Linne, Siphonosoma cumanense (Keferstein). 

Molluscoidea 

5. Brachiopoda : Terebratalia coreanica (Adams et Reeve), Coptothyris 
grayi (Davidson). 

Mollusca 

6. Gastropoda : Cuihona (Cuthona) bicolor Bergh. 

7. Lamellibranchia : Ostrea {Crassostrea) circumpicta Pilsbry, Mytilus 
grayanus DuNKER, M. edulis Linne, Anomia lisckei Dautzenberg et 
Fischer, Libitina japonica (Pilsbry). 

8. Cephalopoda : Idiosepius paradox (Ortmann), Polypus dofleini WOir 
ker. 

Arthropoda 

9. Crustacea : Tachypleus tridentatus Leach, Brachionotus sanguineus 
(de Haan), Huenia proteus de Haan, Eriocheir japonica de Haan’*, 
Spirontocaris pandaloides (Stimpson). 

Of these animals, the species marked with an asterisk were obtained 
in the vicinity of Matsuyama City, the rest were collected in the neigh- 
bourhood of the Asamushi Marine Biological Station. 

METHODS 

The following methods were- employed in the present investigation. 

1. Staining of lipoids, a) The specific stains for the fatty substances. 
Sudan II! and IV (Scharlach R.), whose properties and use are well known. 
I employed Kawamura and Yasaki’s method (1933) for the preparation 
of Sudan III solution, and Herxheimer’s method for that of Sudan IV. 
In' order to fix the cells, the wet cover slip preparation was exposed to 
the formol-vapour for three to five minutes. Then it was dipped for a 
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few seconds in 68 per cent alcohol. 

b) Non-specific stains, i. Nile-blue sulphate. The smear fixed with 
68 per cent alcohol is plunged into a saturated water solution of Nile- 
blue sulphate and for about 10-16 hours. Then it is differentiated with 
O.l per cent acetic acid, 2-3 minutes. The neutral fats stain reddish, 
fatty acids bluish with the dye. ii. Indophenol blue. The well known 
reagent of Winkler and Schultze for the demonstration of oxidase in 
tissues also shows fats which are supravitally stained. According to 
Zweibaum (1923), the reagent may be used immediately after the mixture 
of «-naphthol and dimethylparaphenylene diamine hydrochloride is pre- 
pared (‘ Nadi ’ mixture) or later the indophenol blue has been formed 
by oxidation in air. In the first case oxidase are also coloured, but the 
granules disappear little by little while the fat reaction increases gradually. 
In the latter case the staining of fats is specific and takes place immedia- 
tely. 

c) Osmium tetroxide. The properties and use of this reagent are 
also well known. 

If the positive result of Sudan staining had been obtained first, the 
application of other methods was frequently abridged. 

2. Demonstration of vitamin A. The cells fixed with 10 per cent 
formol or formol-vapour for a while were dropped directly into a solution 
of antimony trichloride in chloroform. Instead of this reagent, trichlor- 
acetic acid melted with a small quantity of water (about one forth) by the 
use of heat was also available. 

3. Demonstration of vitamin C. I followed Bourne’s method (1936) 
which uses an acidulated solution of silver nitrate. 

4. Demonstration of glutathione. The usual method using sodium 
nitroprusside and ammonium sulphate was employed for the demonstration 
of glutathione. Previous reduction made by introducing hydrogen cyanide 
in the preparation. 

5. Phagocytic ability. To determine the phagocytic ability of granulo- 
cytes I employed Mow’s method (1928) which uses India ink suspended 
in a 0.1 per cent solution of gum Arabic. 

6. Other methods of haematology such as vital, supravital, or post- 
mortal staining, etc. were used if necessary. In the case of marine in- 
vertebrates, dry smears of blood could not be obtained successfully with 
the usual technique, owing to the high concentration of salts. Accm'dingly 
I frequently employed the fixation method of Drew (1911) for Giemsa’s 
staining. 
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OBSERVATIONS 

1 . Asterokiea. 

Henrka levimcula vsr. nippomca. The graoulooiiirtes are colourless 
or sUghtly yellowish cells having a thin, dear ectoplasm and finely or 
coarsely granulated entoplasm. Occasional cdls ceotaio several green or 
brownish granules besides the usual colourless or yellowisb granules. 
The nudeus is round, oval or fiat disc in shape, and is usually single but 
on rare occasions there are two or three nudei. Lobular or membraneous 
pseudopodia are seen in vitro, but there is usually very little amoeboid 
movement. These cells have a tendency to agglutinate -into numerous 
small masses, mixing with the other types leucocsrtes. The granulocytes 
of the present animals may be distinguished into the following two sub* 
types. 

i. Finely granular cells, 8-15 yu in diameter. The entoplasm is filled 
with numerous, fine (0.5-1 across), refractile and slightly yellowish 
granules. These granules are easily stained supravitally with erythrosin, 
but they show amphc^hilic property with intensive eosinophilic inclination 
when fixed and stained with Giemsa’s stain. The granules are stained 
orange red with Sudan III, yellowisb orange with Sudan IV. Indophenol 
blue stains the granules greenish blue. Tlie Nadi*mixture also stains die 
granules bluidi, but the shade is pale and fault. Oxidase granules are 
fine, numerous and deep blue. In the test fw vitamin A, there were 
encountered a few granules coloured in Carb*Piuce blue. Vitamin C 
granules are fine and numerous, and there was a tendency toward peri- 

Duclear condensation(Fig. 
1 , e-g). The ability of 
phagocytosis seenatobe 
reaproeally proportional 
in the amount of the 
specific granules. The 
gramdocytM filled with 
the ^emfic granules so 
densely that the ai^eus 
is -con^letely hid^ by 
them have .no iageeted 
ink-granides whfie siipller 
odSs In which the 9 % 
noles are span^ - eoat* 



Fig. 1. Vitamin C granule* in the granulocyte* of 
timwiea. ctL l,000x. 


Coanely granulir koeoeytoa. i 

O'-g. Finely granular leucocytes. 
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tered in the cytoplasm contain very numerous ink-granules. The appearance 
of ingested granules in the cytoplasm is also very rapid in the cells of 
die latter type, and it reaches the maximum ingestion within about 30 
minutes. The ingested itdc . granules show a good deal of variadon in 
sh« and shape. 

ii. Coarsely granular cells, in diameter. These cells are 

infrequent and larger than the former type of cells. The granules are 
quite colourless, not so high refractile, and measure about 2-3 across. 
These granules are amphophilic with more or less basophilic inclination. 
Ihey are also sudanophilic (deep red or orange red) and less resistant 
to alcohol, ether, and other fat-solvents. The granules stain greenish 
blue with indophenol blue, and light blue with die Nadi-mixture. This 
type of cells is remarkably rich in vitamin C (Fig. 1, a-d), but is com- 
pletely negative to ink-digestion. 

ApheUuterias japonioa. No coarsely granular cell is found in this 
animal. The findy granular cdls are 6-14 in diameter. Occasional 
ceils possess several vacuoles which firequendy grow to a large one by 
union with one another. The nature of granules, phagocytic ability, etc. 
are quite similar to those of corresponding cells of Henrica. The granules 
of vitamin C are rod-like in shape and ten or a dozen was the usual 
number present. 

Asterina peciiniferu. As to the granuloQrtes, only the finely granulated 
type is found. They are actively amoeboid, protruding lobular or root- 
like pseudopodia, and show most intensive ingestion of India ink in com- 
parison with the aforementioned animals. The boundary of ecto- and 
entoplasm is very distinct even in die case in which the cell is at rest 
and has taken a spherical shape. In the entoplasm there are embedded 
numerous, fine, ydlowish or greenidi brown granules. These granules 
stain pink or red with Mann’s stain, pale blue with the Nadi-mixture 
and greenish blue with indq;>henol blue. Two or three small granules of 
vitamin A are found in the permudear region upon very rare occasions. 
The granules td vitamin C are approximately half a dozen to a cell and 
di^ me aggregated usually in the vicinity of the nudeus. 

2. Holothuroidea. 

Lephotunapta in hagmu. The cdourless granulocytes are packed with 
numerous, fine, round gbanules, and measure 10-15 /u in diameter. Occa- 
sional cells contain one, two or several green granules besides the usual 
granules. The pseiidopodia are needle-like, nevertheless they were examined 
immediately after blood drawing. They are inactive in regard to amoeboid 
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movement and phagocytosis. Repeated trials failed to demonstrate .vitamin 
A in any cell. The granules of vitamin C are approximately 6-10 to a 
cell, and there is a tendency toward perinuclear condensation, 

Caudim chilensi$. The existence of vitamin C in both the colourless 
and brown granulocytes was determined by the present observation. In 
the former, fine and very numero.us granules of vitamin C were scattered 
throughout the cytoplasm. The brown granules of the latter blacken 
faintly by the reagent, but no special granules was newly produced. 

3. Chaetopoda. 

a. Polychaeta. Euphrosyne superba. The two types of granulocytes 
are distinguishable. 

i. Coarsely granular cells, 8-18 p in diameter. These cells are rather 
infrequent. In the entoplasm there are found numerous, colourless and 
coarse granules, but the excentrical and oval nucleus is not hidden with 
the granules. The granules are eosinophilic and stained with the Nadi- 
mixture and indophenol blue. They stain also orange red with Sudan 
dyes. The granules turned to gray or grayish green in colour with the 
acidulated silver nitrate, solution, but no newly formed granules of vitamin 
C were discernible. These cells are amoeboid and phagocytic, but not 
intensive. 

ii. Finely granular cells, 10-18 in diameter. Numerous, fine and 
bacillus-like granules are found in the cytoplasm (Fig. 2, a & b). They 



Fig. 2. a & b. Finely granular cell* of Etiphintiine with vitamin 
C granules, ca. l,000x, 

c-e. Coarsely granular cells CtratorctfhaU. ca. l,000x. 

c. Fresh and unstained cell with ingested sfrindTe bodies. 

d. Fresh cell with neutral red bodies. 

e. Fresh cell with reticulatiun. 
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jire yellowish or slightly greenish yellow in colour, and are easily disinte- 
grated by the action of various fat-sovents. But they stain pale orange 
with Sudan dyes, showing a little affinity for these dyes. By the adding 
of Nadi-mixture to these cells the granules are dissolved by and by. 
Oxidase granules are fine, round, and deep blue, but not numerous. Ten 
or twelve is the usual number of vitamin C granules which are always 
in the perinuclear region (Fig. 2, a & b). In the smear preparation of 
blood stained with Giemsa’s stain, the granules are coloured pink or 
yellowish red, showing the true eosinophilic nature. These cells are 
amoeboid and remarkably intensive in the phagocytosis, in spite of the 
abundance of specific granules. 

Ceratocephale osatvau i. Coarsely granular cells. It is well known 
that the largest types of amoebocytes with granules are encountered in 
the coelomic fluid of Annelida. The present cells are one of these types, 
and measure 15-30// in diameter. The number of granules in a cell 
varies strikingly; some possess only two or three granules, while the 
others contain several dozen of them. The size of granules in a given 
cell is also uneven. Besides the granules there are found several vacuoles 
and two or three ingested spindle bodies (Fig. 2, c) in the cytoplasm of 
occasional cells. The granules are colourless or slightly greenish, some- 
what refractive, and show nearly no Brownian movement. They are 
easily soluble in alcohol, ether, and other fat solvents, and are stained 
deep red with Sudan III, reddish orange with Sudan IV. They are also 
positive to the Nadi-reaction and indophenol blue staining. It is note- 
worthy that some of these granules showed the positive reaction of vita- 
min A. A few granules of vitamin C could be seen also in the perinuclear 
region. 

Both the cytoplasm and granules are basophilic or amphophilic with 
an intensive basophilic inclination in the smear fixed and stained with 
Giemsa’s stain. The vacuoles remain unstained by this treatment. 

These cells are remarkably phagocytic, nevertheless their amoeboid 
movement is difficult to recognize under the microscope. The analogous 
appearance of these cells reminds me of the red cells of Urechis and 
ThaloBsema, of which I reported in detail in a previous paper (Ohuye, 
1937 a). The fact that a structure similar to the reticulation pattern of 
red cells is demonstrable in the perinuclear region of these ceils by using 
the supravital staining of Janus green B (Fig. 2, e) serves also to deepen 
this impression. Furthermore, the perinuclear granules similar to the 
Vsei^egation apparatus’ are also stained with neutral red frequently (Fig. 
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2, d). I made Lkpehne’s test for haemoglobin on the present odis to 
ascertain whether they contain that pigment or not, but it was negative. 
It seems to me that these ceils would be an important type to utilize in 
discussing the evolution of the invertebrate erythrocytes, though there is 
no reasonable evidence besides the facts mentioned just above. Furdier 
investigation is necessary on this point. 

iii. Finely granular cells, 10-15 /u in diameter. These ceUs are less 
numerous than the former and are wery similar to those of Henrica in 
appearance and nature. 

Nereis mictodonta. The coarsely granular cells are the essential element 
of the coelomic corpuscles. They are hardly distinguishable from those cl 
Ceratocephale. 

Travisia japonica. Both the finely and coarsely granular leucocytes 
are so densely filled with the round or oval granules that the nucleus is 
obscured from the sight. The former are relatively numerous and small 
in size (8-16 in diameter), while the latter are less frequent and larger 
in size (12-25 ft across). The fine granules are stained deep orange with 
Sudan dyes and are amphophilic inclination to Giemsa’s staining. The 
coarse granules are stained orange yellow with Sudan dyes and show the 
amphophilic reaction with intensive eosinophilic inclination. Both type 
celts are amoeboid and phagocytic. They possess a few relatively large 
vitamin C granules in the perinuclear region. 

Glycera chirori. The granulocytes of these worms are quite similar 
to those of Travisia but the granules are stained more intensely (de^ 
red) with Sudan dyes. 

Potamilla tordli. G>ncerning this worm, I wish to give only a short 

account of the green ceHsu 
These cells are found in the 
axial * lumen of branchial 
filaments and measure 10*- 
25/< in diameter. The cdl 
body is filled with several 
large, green coloured gra- 
nules or globules which tdce 
a morula like airatotemeiit 
(Fig. 3), It is seen frequeMly 
that fihese granules gradnaHy 
increase in size with the unbn of smdl granules with one anolliar, until . 
they form at last a large single granule whkh occupies almost the whole 



Fig. 3. Green celli of PaUtmUlia, ca. l|000x. 
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the cell body (Fig. 3, e & d). The cytoplasm is pressed against the 
.cell wall, turning into the shape of a signet-ring, and usually a single, 
occasionally two or three nuclei are located at the thickened rim of the 
cytoplasm. The full grown cells are, perhaps, non-amoeboid and non- 
phagocytic. 

The granules are intensely stained supravitally with neutral red, Nile- 
blue sulphate, brilliant cresyl blue, etc. They are stainablc with Sudan 
dyes when the cells have been previously immersed in the isotonic solution 
of ammonium salts. . These chemicals, as was observed by Heilbrunn 
(1936) in his experiment on the eggs of Aibacia, act, perhaps, to loosen 
the protein-lipoid binding. The green granules are hardly soluble in ether, 
acidulated alcohol, aceton, chloroform, etc. Dilute alkali (0.02 N NaOH 
for example) or acid (0.02 N oxalic acid, acetic acid, etc.) have no effect 
on the granules, but 0.1 N NaOH dissolved them entirely. In a 0.1 N 
solution of HCl the green granules turn to a brownish shade. A few 
small granules of vitamin C are discernible in the intergranular cytoplasm. 
The green granules themselves become an ashy colour with the reagent 
of vitamin C. 

b. Oligochaeta. Pheretima sidmldi. In the previous paper (Ohuye, 
1937 c) I stated that the eosinophilic granulocytes of this species are 
slightly positive to staining with Sudan IV but negative to Sudan III. 
In the present investigation, it was succeeded, however, to stain also with 
Sudan III solution prepared by Kawamura and Yasaki’s method (1933). 
The granules of lamprocytes were also positive (orange or reddish orange) 
to Sudan dyes. Vitamin C granules were easily demonstrable in the 
eosinophilic granulocytes; they are from two to several in number, rela- 
tively large in size, and localized in the intergranular cytoplasm. 

f^ieretima hilgendorfi. The result was just alike to the above. 

4. Sipunculoidea. 

Pkytcosoma scolops. The general histology of blood corpuscles of 
this species was reported in my previous work (Ohuye, 1937 a). Small 
acidophilic granulocytes are most actively amoeboid, phagocytic (Fig. 4, 
i-k) and rich in vitamin C granules which are scattered throughout the 
oyto[dasm. Middle-sized acidophilic granulocytes with spherical granules 
are next most active in these &nction (Fig. 4, 1-n). Vitamin C granule 
, amount to one or two dozens and are distributed throughout the cell 
body. Middle-sized granulocytes with rod-like granules are active in 
amoeboid movement, but inactive with respect to phagocytosis. The in- 
gested ink’granules are about hidf a dozen in number and located usually 
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in the vicinity of the nucleus (Fig. 4. a-h). In most of these cells ap- 
proximately half a dozen or more granules of vitamin C could be observed. 



Fig. 4. Ink'ingestion of granulocytes of Physcoaoma, ca. 1,000 X. 


They were usually rod-like in shape and show a tendency toward peri- 
nulear condensation. In the majority of the cases the specific granules 
of these cells were truly eosinophilic but occasional cells showed a tendency 
toward amphophily. Large acidophilic granulocytes were absoluteh* nega- 
tive to ink-ingestion. Small and rotind ipranules of vitamin C were dis- 
tributed in the intergranular 9 'topjasjin. Basophilic granulocytes were a 
very infrequent element, and it was difficult to distinguish diem from the 
acidophilic granulocytes in the unstained preparation. I failed to demon- 
strate vitamin C in the cells of urns. 
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I made observations on the granulocytes of Sipunculus nudus and 
Siphonosoma cumanense^ and a similar result to that of Physcosoma was 
obtained. 

5. Bracbiopoda. 

Terebratalia coreanica and Coptothyris grayi. The histology of coelomic 
corpuscles of these brachiopods was the subject of my foregoing papers 
(Ohuye, 1936 a, 1937 b). It is only noteworthy here that the amoebo- 
cytes with brown granules which aggregated in the tissue of cirri contain 
very abundant vitamin C and glutathione in the whole cell body. By the 
treatment with acidulated silver nitrate the whole brown granules turned 
to brownish black or black showing that the granules contain vitamin C 
in their own structure. 

As to glutathione it was supposed that this substance would be easily 
demonstrated in the blood cells of all animals. In reality, however, the 
demonstration of glutathione did not succeeded in any case except with 
the animals under discussion. The brown granulocytes turn to a beautiful 
wine red colour immediately after the application of the reagent. This 
shade lasted for one hour or more with no remarkable fading. The 
reaction occur equally even in the case which the previous reduction of 
material was not made. Accordingly it is evident that glutathione of the 
present case occurs as the reduced form. 

The abundance of vitamin C and glutathione makes us to suppose 
that the brown granulocytes of brachiopods should possibly play a role 
of respiration. This view is also supported by the fact that these are 
usually found in the' tissue of cirri from which oxygen is taken up. 
Similar supposition has been made by Leblond and his co-worker (1934). 
They postulated that vitamin C is associated with the respiration of the 
cell and therefore its abundant existence is found in the alveoli of lung 
where respiratory exchanges are rapid and continuous. 

The amoebocytes with red granules contain also numerous vitamin C 
granules while the detection of glutathione was not successful. 

6. Gastropoda. 

Cuthona (Cuihona) bicolor. This small nudibranch possesses branchial 
papillae arranged on each side of the back. Numerous green cells are 
found in the axial lumen of th^ branchial papillae. Such structure 
reminds us of tfie branchial filaments of Potamilla. The green cells are 
filled with granules which are nearly uniform in size in a given cell but 
show a remarkable variation such as 0.5-3.0;i across among individual 
cells. The colour of the cells is greenish blue in the freshly captured 
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specimens, but it fades gradually and turns to an olive yellow wititin two 
or three weeks after die captivation. The green granules have intensive 
affinity for the various dyes such as neutral red, Nile>blue sulphate, hrilliuit 
cresyl blue, methylene blue, etc. which were applied supravitaHy. In the 
smear stained by Giemsa’s method the cytoplasm stains pun>li^ blue 
and the granules de^ greenish blue, showing their basophilic property. 
The staining with Sudan dyes is usually negative, but the previous trea^ 
ment with ammonium salts makes it possible to stain the granules in the 
colour of orange red, as was true in the case of Potmilla. By close 
examination it will be seen that the granules are composed of two parts; 
the central and the cortical portions. The former is nearly colourless or 
light greenish, and stained deep red widi neutral red, Sudan III, etc. 
The latter is a green sheath and is difficult to stain with these dyes. 
From these facts it may be understood that the granules consist of the 
lipoidal central mass and pigmented cortical layer. The Nadi-mhcture 

and indophenol blue stain the gra- 
nules greenish blue or blue. In this 
case, however, it is difficult to dis- 
tinguish the cortical and medullary 
portions, because both the portions 
are stained in a similar hue. With 
the acidulated silver nitrate solution 
all green granules turn into slate- 
green or dark a^y shade, showing 
the reduction of silver nitrate (Fig. 
5 ). Among these .specific granules 
there are found numerous deep 
brownish 07 black granules which 
are somewhat smaller dian the 
specific granules. From these facts it is understood that the green cells 
are very rich in vitamin C. 

The green colour of the granules is faded by the action of various 
acids such as 0.1 N solution of HCl, HjSO^, etc. 0.1 N solution of NaOH 
dissolves the granules. . In acidulated alcohol they are dissi^ved or perfectly 
discoloured. The granules are slightly soluble in ether and chloroform, 
but insoluble in aceton, toluol, benzol, xylbl, etc. 

The green cdls are able to change their shape very sbwly, but are 
not phagocytic. 

The colourless granulocytes found in the ooekmiio fluid are basotdnlic. 




Fig. 5. Green cells of Cuthoiw, treated 
with an acidulated solution of silver nitrate. 
Vitamin C granules are black; specific 
granules are spotted in proportion to the 
intensity of silver-nitrate reduction, ca. 
l,000x. 
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sudatKH^^ilic and positive to the reaction of vitamin C. 

7. LAmellibranchia. 

Osina (Crassostrea) drcumpicta. Takatsuki (1934) published an 
elaborate work on the nature and function of the amoebocytes of the 
European oyster, Osina edulis. The results of the present observation 
are similar to his except in some details. As was described by Takatsuki, 
the granulocytes of the oyster are very active in amoeboid movement and 
phagocytosis. It seems to me that concerning these properties the granulo- 
cytes of the present species are the most active among 30 species examined 
in this investigation. They continued amoeboid movement thrusting out 
blunt lobular pseudopodia for several hours. They ingested the India 
ink so intensely that their ceil body was packed with the ink granules, 
which are somewhat larger than the specific granules, within about 20 
minutes. 

The granules are stained intensely and quickly with brilliant cresyl 
blue, Nile-blue sulphate, neutral red, etc. Erythrosin stains the cytoplasm 
but never the granules. The granules were stained in orange red or 
deep red with Sudan dyes, while Takatsuki has reported a negative 
result on this point Some of granules grew somewhat larger than the 
normal size through this staining, presumably due to the union of several 
granules with each other. This change was less remarkable in the staining 
with Sudan IV than with that of Sudan III. The Nadi-reaction occurs 
only in the surface layer of granules, and, accordingly, the granules showed 
various shades such as greenish lavender, lilac or aconite violet, etc., ac- 
companying the change of the forcussing depth in the microscopic exami- 
nation. Vitamin C granules are approximately half a dozen in number 
and show a remarkable inclination toward perinuclear condensation. In 
the smears of blood stained with Giemsa’s dye the cytoplasm of the 
granulocytes stains eosinophilic or amphophilic with an inclination of 
eosinophily while the granules are truly and non-metachromatically baso- 
philic. The contour of stained granules is very distinct. 

Takatsuki described the changes of the amoebocytes in the hypotonic 
solution in detail. I also made an observation on the effect of slightly 
hypotonic sea water (sea water was diluted with one third bulk of distilled 
water) on the granuloc 3 rtes of the present specimens. The result was, of 
course, essentiaOy similar to that of Takatsuki. Here I will describe 
only the interesting behaviour of granules which was found by the present 
observation. By die addition of the dilute sea water, the granules ac- 
cumulate soon or later at the centre of an expanded and spherical cell 
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(Fig. 6, b), and show most active Brownian movement at this time ; then 
the granules located at the margin of the accumulated mass become less 

active in movement, 
and grow into larger 
ones by the mutual 
fusion of several ad* 
joining granules. In 
these granules the 
Brownian movement 
stops perfectly. Such 
change takes place not 
on all the surface of 
the mass of aggregated 
granules but only at 
an optional point. 
This change gradually 
progresses from the 
initial place in all 
directions, in the shape 
of a crescent (Fig. 6, 
c & d) firstly, then of 
a signet-ring, and, at last, of a ring with a rim of uniform thickness. 
In this stage the Brownian movement of all granules found in the cell 
stops completely, and the mutual fusion of granules occurs not only on 
the surface, but also in the deep part of granular accumulation (Fig. 6, e). 
There are occasionally found two granular accumulation in a cell (Fig. 6, i). 
As time goes by, the accumulated granules begin to scatter throughout the 
cytoplasm, and the cell body is occupied again by the granules of irregular 
size and shape (Fig. 6, f & g). 

Mytilus grayanus and M. edulis. The granules of these animals are 
very similar in every way to those of the oyster. 

Libitina japonica. Finely granular amoebocytes occur abundantly in 
the body fluid and are also es^ntially analogous to those of the oyster. 
The coarsely granular leucocytes, measuring 12-20 across, contain from 
three to thirty or more granules in the cytoplasm. They measure about 
2-3 /i in diameter, and some of them possess yellow or brown pigment. The 
granules are sudanophilic and am|AUphtiic with an intensive eosinophilic 
inclination. These cells are ina^^elV amoeboid and phagocytic. Vitamin 
A test was negative. Vitamin C granules are few, small and perinuclear* 



Fig. 6. Effect of hypotonic »ea water on granulocytes 
of oyster, ca. 1,000 x. 

a. Cell in the normal sea water, 
b-i. Oils in a hypotonic sea water. 
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Anomia liscki. The granulocytes which contain fine, numerous and 
slightly yellowish granules were acidophilic while those of the four species 
mentioned just above had heed basophilic. 

8. Cephalopoda. 

Idiosepius paradoxa. There are seen a good many of granulocytes 
which contain numerous, fine, refractive and colourless or slightly yellowish 
granules in the blood of this species. They measure 8-15// in diameter 
and are remarkably amoeboid and phagocytic. The granules are positive 



Fig. 7. Granulocytes of cephalopods. ca. 1,000 x. 
a-n. Eosinophilic, o-r. Basophilic granulocytes of Idiaaepiui. 

a'-f'. Eosinophilic, g'-o'. EJasophilic granulocytes of Polypus. 

to the Nadi-reaction and the supravital staining with indophenol blue, 
Nile-blue sulphate, neutral red, etc. Vitamin C granules are round, peri- 
nuclear, and approximately half a dozen in number. In the smears of 
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blood stained with Giemsa’s dye, the ^ramdocytes are eosinophdic or 
amphophilic with an eosinophdic inclination (Fig. 7, a-n), and basophilic 
or amphophilic with basophilic inclination (Fig. 7, o-p). Occasional cells 
possess simultaneously both kinds of granules (Fig. 7, q) ; namely baso* 
philic coarse and eosinophilic fine granules. Cells with numerous basophilic 
rodlets were met with occasionally too (Fig. 7, r). 

As to the nucleus of Cephalopoda, Cuenot (1891) described it as 
follows ; “ il (le noyau) est tentot profondement bilobe ou trilobe, tantot 
contourne . . . . ; le noyau des cellules jeunes, pleines de granules albumino- 
genes, est regulierment spherique on ovoide, et c’est seulement en avancent 
en age qu’il se deforme ainci.” Kiyono (1929) stated also the presence 
of the horseshoe-shaped or bilobular nucleus in the blood of an octopod. 
In the present species also the nucleus shows a good deal of variation in 
its shape. It is usually round, oval or bean-like in shape, but occasional 
cells possess bi- or tri-lobular polymorphic nucleus similar to that of 
neutrophilic granulocytes of the vertebrates. Such a polymorphic nucleus 
is found also in the hyaline amoebocytes. The amitoses of nuclei of 
circulating blood cells are encountered occasionally. It is accepted generally 
that there is no polymorphic nucleus in the blood corpuscles of the inver- 
tebrates. This idea, however, seems to be incorrect so far as it concmis 
to the blood of Cephalododa. 

Pcdypus dofleini. There is no fundamental difference between the 
granulocytes of the present species (Fig. 7, a'-o') and those of Idioae- 
pius. 

9. Crustacea. 

Tachypleus tridentatus. This species was classified as a crustacean for 
the sake of convenience. Regarding the nature, especially the coagulum 
formation of blood corpuscles of litnulus polyhemtu, there are many 
works published by Alsberg and CtARK (1908), Loeb (1910), etc. In 
the present paper the chief interest was to study the staining reactions 
and lipoidal nature of the granulocytes. 

The granulocytes are actively amoeboid cells (Fig. 8), measuring ap- 
proximately 10-20 /u in diameter, but the phagot^tosis is not remarkable 
in vitro. The entoplasm of full grown cdls is usually packed with both 
fine and coarse granules in various propotions (Fig. 8, d-i). The former 
are round, colourless and nearly unfform in size in a given ceil. Ute 
latter are round, oval or polygopi^in Ishape, sli^tly ydlowisb or greenish 
yellow in colour, and show a good deal ci variation In size. Hiese dif- 
ferences of the two granules, however, are liot dHtinet in die young oeUs, 
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Vacuotss BW frequently found in the cytoplasm in various number and 
sizes (Fig. S, e-g). 



Fig. 8. Granulocytes of Tachypleua. ca. 1,000 x. 
a*-£. Fresh and unstained colls, 
g-i. Supravitally stained with brilliant cresyl blue. 

Since a large amount of blood is obtained easily from this animal, I 
made a rather detailed observation of the granulocytes, which is described 
as follows. < 

1) Vital staining. The dyes injected intra vitam are brilliant cresyl 
blue, carmine, methylene blue, neutral red, Nile-blue sulphate and trypan 
blue. Two full grown animals received four injections of 1 c.c. of 0.1 
per cent solution of a dye intraperitoneally every other day. In total, 
twelve animals were used for the purpose of the vital staining. Two 
days after the last injection the blood was drawn and examined. The 
vital granules of brilliant cresyl blue and Nile-blue sulphate are few, 
round and deep blue, and occur usually in the vicinity of the nucleus. 
Those of neutral red are relatively numerous, irregular in size, and eosin 
pink in colour. Trypan blue and carmine were not ingested in the gra- 
nulocytes while they were occasionally found in the cytoplasm of hyaline 
leucocytes. 

2) $ttiHravital staining. The results are seen in Table 1. In the 
table die stidaing reaction of both kinds of granules was only given. 
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Tabu; 1. 

Supravital staining of the specific gmnules in the gmnulocytes 
of Tachypleus tridentatus. 


Dyes 

Fine granules 

Coarse granules 

Brilliant cresyl blue 

blue 

sea green or Venice green 

Carmine (lithium) 

unstained 

unstained 

Cresyl violet 

unstained 

slightly purplish 

Eosin 

intensely stained in bright 
pink 

slightly pink 

Erythrosin 

slightly pink or unstained 

intensely deep red 

Fuchsin acidic 

slightly purple 

unstained 

Gentian violet 

unstained 

unstained 

Janus green B 

greenish blue 

slightly greenish 

Light red 

red 

red 

Methyl green 

unstained 

unstained 

Methylene blue 

blue 

Venice green or calamine 
blue 

Neutral red 

eosin pink 

slightly pink 

Nigrosin 

unstained 

unstained 

Nile-blue sulphate 

deep blue 

Venice green or peacock 
blue 

Orange G 

slightly yellow 

slightly yellow or unstained 

Safranin O 

unstained 

unstained 

Trypan blue 

deep blue 

blue or greenish blue 


It is seen in Table 1 that the dyes which are easily soluble in the 
li[ioid$, such as brilliant cresyl blue, Nile-blue sulphate, etc. show the 
intensive staining of the granules. It is also seen in this table that the 
granules are stainable both basic and acidic dyes. This is a property of 
acidophilic leucocytes. 

3) Staining after fixation. In the smears stained by Giemsa’s method, 
the fine granules are stained pink or eosin pink while the coarse granules 
are unstained or slightly stained ih a similar manner. Triacids solution 
stains the former violet red and the latter bright copper red. These 
staining reactions show that these granulocytes are acidophRic. 
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4) Staining of fatty substances. The fine granules are stained orange 
red with Sudan III. The coarse granules are also stained in a similar 
manner, but they are frequently dissolved by the staining. Sudan IV 
stains the fine granules peach-red or red orange, and the coarse granules 
orange or orange-red. Osmic acid (2 per cent) causes the colourlation 
of the granules; the fine granules turn brownish yellow and the coarse 
granules brown or Sudan brown. 

5) Action of various fat-solvents. The results are seen in Table 2. 

Table 2. 

Solubility of the granules in the granulocytes of Tachypleus 
in various solvents. 


Solvents 

Fine granule 

Coarse granules 

Aceton 

insoluble 

soluble 

Alcohol ethyl 

soluble 

easily soluble 

Alcohol methyl 

insoluble 

hardly soluble 

Benzol 

soluble 

soluble 

Carbon bisulpfhide 

soluble* 

soluble 

Chloiroform 

soluble 

soluble 

Ether 

soluble 

easily soluble 


The solubility of jboth granules in various solvents shows nearly a 
parallelism except regarding aceton. Kutschara-Aichenberg (1925) stated 
that unsaturated or saturated phosphatids and cerebrosids are insoluble in 
aceton while glycerin ester, cholesterin ester, some disintegrated lipoidal 
substances and aceton soluble phosphatids are dissolved in this solvent. 
According to this description it is supposed that the fine granules would 
I e composed essentially of phosphatids or cerebroside. Furthermore that 
the granules are soluble in ethyl alcohol and others, and insoluble in 
methyl akohol makes us suppose that the granular substance would be 
unsaturated phosphatids such as lecithins. Similarly it is supposed that 
the coarse granules would have contained neutral fats or cholesterin esters. 
I mentioned just above the primary ' blackening ’ of granules due to the 
action of osmic acid. According to Muron (1904) this is only a specific 
raagent for unsaturated fatty acids. Muron has proved that the series 
of saturated fatty acids could not be blackened by osmic acid, but a trace 
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of impurity, that is to say, of oleic acid, is sufficient to cham^ a negative 
reaction to a positive one. He stated also that when the amount !of oleic 
acid is less than 50 per cent the colour is never black, but brown, gray 
or yellow. In accordance with this description it . is also supposed from 
the results of the present investigation that both .granules contain oldc 
acid whose amount is far less than 50 per cent, and that the amount of 
oleic acid is more or less larger in the coarse granules than in the fine 
ones, judging from the degree of colour change. 

6) Reaction of proteins. Biuret, MiUiON’s and nynhidrin reaction 
were entirely negative. But trypsin digested the granules within about 
three hours. 

7) Reactions of carbohydrates. In the cytoplasm there are a few 
granules which become brownish in iodine vapour, and are stained slightly 
with Best’s carmine. The iodine test was first applied by EnioaCH to 
air dried films of human blood, and in this state there was a diffuse 
browing of the neutrophiles’ protoplasm. Neukirch (1910), using Best's 
carmine, came to the conclusion that the material is eiffier glycogen in 
loose combination within the cell or allied insoluble form of carbohydrate. 
Utis conclusion may hold true in the present case too. 

8) Ferments. The Nadi-mixture stains the fine granules deep blue 
and the coarse granules slightly indigo blue or greenish blue which will 
fade soon later. I failed to detect peroxidase, tyrosinase, or Dopa>fennent 
in the granulocytes. 

9) Vitamins and glutathione. Vitamin A is demonstrated by the 
Carr-Price method in the coarse granules upon very rare occasions. 
Vitamin C granules are fine and numerous and are found mixed with 
the specific granules. The reaction of glutathione was negative. 

Brackionotits sanguineus. Most of the granulocytes of this species 
are 10-15 across and contain numerous round granules which would be 
difficult to find. The coarse granules are easily soluble in absolute alcohol 
but hardly soluble in edier and aceton. Sudan III stains them reddish 
yellow and Sudan IV wange or orange red. They are eaiiiy blackend 
by osmic add. In the smears stained with GiBliaA’s dye the grapulips 
are amphophilic with intensive ‘eosinophilic inclination. The nuideut is 
large, round or oval in shape, and rich in fine chromatin granules. 
Vitamin C granules are few and infrequent, 

The blood ceils of two other, crabs {Huema proteus and Briaclmr 
jttpomea) are essentially similar to those of this speciea, except diat the 
granulocytes of fresh water crab, Eriaekeir, are haaophilic or amphifdifiic 
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wkii intense basophilic inclination. 

Spinmtocaris pandaloides. In the blood of this green shrimp there 
is encountered frequently a kind of granulocytes which measure 10-18 ju 
in diameter and contain very numerous fine and quiveringly moving 
granules ^Fig. 9, a-c). They are actively amoeboid and phagocytic. The 
granules show also 
sudanophitic and eosin- 
ophilic tendency, and 
are positive to the 
Nadi-reaction. Vitamin 
C granules are rela- 
tively numerous, round 
or rodlet, and occur 
throughout the cyto- 
plasm or show a ten- 
dency toward peri- 
nuclear condensation 
<Fig. 9, e-j). The 
nucleus is frequently 
very voluminous and 
rich in chromatin 
granules (Fig. 9 ; b, 
c,. etc.). The coarse 
granular cells which are found very rarely show also the amphophilic 
reaction with slightly eosinophilic inclination (Fig. 9; d). 



Fig« 9. Granulocytes of Spirontocaris, ca. J,000x. 
a-d. Granulocytes fixed and stained by Giemba’s method, 
e-j. Granulocytes with vitamin C granules. 


COMPARISON AND DISCUSSION 

In the animals used for the present investigation, at least four kinds 
of granulocytes are distinguishable; A) granulocytes with fine granules, 
B) granulocytes with coarse granules, C) granulocytes with both kinds oi 
granules, and D) pigmented granulocytes. Animals with granulocytes of 
types A and B simultaneously are most common : die next are those which 
-possess cells of type A only ; animals which possess cells of type B only 
or anhnals with pigmented granulocytes are encountered infrequently. 
Ute granulocytes of type C are usually very large in size, and they mea- 
sure about 30/^ or more in diameter in the extreme case (Sipunculoidea). 

Most of die granulocytes are amphophilic with acidophilic inclination. 
Amphophilic granulocytes with basophilic inclination are next most abundant. 
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Real acidophilic or basophilic granulocytes are encountered rather infre- 
quently. Leucocytes are found with both kinds of granules (amphophilic 
ones with basophilic inclirfiation and those of acidophilic inclination) simulta- 
neously in the blood of the cephalopods. In the higher vertebrates, need- 
less to say, the amphophilic granulation is found only in young forms, 
never in adult forms. Accordingly it is an evidence of low differentiation 
of leucocytes that the amphophilic granulation is rather common in the 
blood of invertebrates. 

Kollmann (1908) made a study in respect to the affinity for dyes of 
the granulocytes in a number of invertebrates. He divided the properties 
of the granulocytes of Lamellibranchia into two groups according to tlieir 
habitat; those of fresh water molluscs are amphophilic with a tendency 
to become stained by acidic dyes, and those of marine molluscs are acid- 
ophilic. If this is true the granules of the amoebocytes of Lameilibrandiia 
which I examined should be acidophilic. But the results obtained by the 
present investigation were against this principle except in the case of 
Anomia, and the granulocytes of the rest showed typical basophilic reac- 
tion. Takatsuki (1934) reported also that the amoebocytes of the Euro- 
pean oyster do not show the acidophilic reaction but the neutrophilic. 

Now 1 wish to consider the polymorphic nucleus found in the blood 
cells of Cephalopoda. As to the blood of vertebrate animals, the signifi- 
cance, classification, etc. of the polymorphic nucleus were discussed in 
detail by Arneth (1904, ’07, ’20, ’25, ’26). He made roost striking con- 
tributions concerning the alternation of nuclear lobation in circulating 
blood (Arneth index). Cooke (1914), Cooke and Ponder (1927), Schil- 
ling (1926), and others modified Arneth’s count of the polymorphnuclar 
leucocytes in a manner making both for simplicity and accuaracy. CooKE 
stated that “ If there is any band of nuclear material except the chromatin 
filament Connecting the different parts of a nucleus, that nucleus cannot, 
for the purpose of count, be said to be divided.” Accmxiing to this 
statement there is no polymorphic nucleus in the blood of Pedypus dofietni, 
but in the blood cells of Idiosepius paradoxa upon rare occasions. Namely 
some nuclei of leucocytes consisted of two or three knob-like lobes con- 
nected with fine chromatin filament. Most of die nuclei found in the 
cephalopod blood-cells should be recognized us the nucleus of M-type 
(round or oval), W-type (slightly indented), T-type (deeply indented), 2K- 
type (nucleus with two knob-like lobes), or 2S-type (nucleus widi two S- 
like lobes) of Arneth classification. 

Recendy Sugiyama and his co-workers made extensive investigtdioni) 
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on die correlation between nuclear lobations and functions of leucocytes. 
Onoda (1934), working under Sugiyama’s guidance, found that there is 
positive correlation (r= +0.14l9l ±0.0504) between the wandering velocity 
and the average number of nuclear lobations of vertebrate leucocytes 
(neutrcHuhSes, pseudoeosinophiles, amphophiles, etc.). Sugiyama (according 
to bis kind verbal communication) explained this fact that the increase of 
nuclear lobations is an adaptation .so as to easily pass the intercellular 
spaces of blood capillaries. Therefore it seems to be reasonable, according 
to Sugiyama, that the real nuclear polymorphism is found only in the 
vertebrates which possess closed and highly differentiated vascular systems. 
That the polymorphic nucleus was found in the blood cdls of invertebrates 
raises a new question. 

Throughout the kinds of granulocytes described in the present paper, 
the coarsely granulated ones when examined under the microscope, are 
negative regarding phagocytosis, while the finely granular ones are more 
or less actively phagocytic. This recalls to me the relation between the 
neutrophiles and eosinophiies or basophiles of the vertebrates ; i. e., the 
former are finely granulated and show active phagocytosis while the latter 
are filled with the relatively coarse granules and their phagocytic ability 
is either very slight or uncertain. Correlation between the chromatic 
affinity luid phagocytic ability of the leucocytes was not discernible. 

A centre of the clinical haematology was to study whether the normal 
and healthy granulocytes contain fatty substance or not. Our knowledge 
on this problem has advanced with long strides within the last scwe of 
years, and there is an extensive literature dealing with this probimn. 
According to Sehrt (1927) the exact demonstration of lipoids in the 
normal and healthy leucocytes was first made by Savini (1921). He 
succeeded in staining the granules of human eosinophiies, neutrophiles 
and mast cells a red colour with Sudan IV, after the fixation with copper 
bidiromate. He studied also the solubility of granules in various fat* 
a^eirts, and came to a conclusion that the various granules of leuco- 
cytes might be classed as lipoids. Neumann (1926) also found that the 
o^EtamdatiQh of eosinophiies in horse blood normally contains a lipoidjal 
sidislaDoe wfaidi constitutes die diaracteristic structure of these granules. 
Ilk'thie wIm die lipoidal nature of the leucocytic granules has bng since 
been detarinhied 'in mannnals. In the survey of literature treating inver* 
lebeabe bmmatelogy, however, H is seen that experiment usually failed to 
dMUOnetrate the ptesence of lipoids ki the granulocytes. In my previous 
pi^Wls iOuuYB, 1936e, d ; l^a) I also reported hrequently negative 
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results regarding the Sudan-dye staining of leucocyte^granules. The cause 
of failure of fat-staining was perhaps due to the unsuitable fixation of cells 
and the quality of Sudan dyes. In the case of marine invertebrates, dry 
smears of the blood and body fluid cannot be successfully obtained in the 
majority of cases, as the quantity of salts in solution in the blood, etc. 
prevents the almost instantaneous drying which is necessary, and also gives 
rise to the formation of crystals which causes much distortion of the 
organized elements of the blood. Accordingly it is necessary to fix the 
film of blood while wet. The following treatment of preparation with 
68 per cent alcohol after fixation prevents the corpuscles from becoming 
detatched from the glass during the staining. That the quality of Sudan 
III is not constant even in the preparations of Grubler & Co., was 
pointed out by Sehrt (1927). In fact, one preparation of dye stains a 
lipoid well while another does not give the same stain. It is necessary, 
therefore, to examine the quality of dye previous to its use. Sudan IV 
is, needless to say, a diazo-naphthalene compound similar to Sudan III 
except that it is a dimethyl derivative. This fact makes it a deeper, 
more intense stain; therefore, it is one of the best fat stains known at 
present. As is seen in the foregoing descriptions, the granules of leuco- 
cytes show a positive reaction almost constantly to the staining wiUi Sudan 
dyes, although the shade of stained granules varies from pale orange to 
deep red. That Sudan dyes are able to stain not only fats and soaps, 
but various fatty acids and lipoids also became clear recently. Parat 
(1927) listed the names of lipoids stainable with Sudan dyes, in the order 
of staining intensity ; i. e., neutral fats, fatty acids, soaps, mixtures of fatty 
acids and cholesterol esters, mixtures of neutral fats and cholesterol esters, 
phosphatids, cerebrosids and certain lecithins. According to him jhe first 
three are, of course, stained red, the next two red or yellowish red, and 
the last three reddish yellow or yellowish. The results of the present 
observation showed also such variation of shade, as was mmitioned above. 
This shows, I think, the probable existence of substances corresponding 
to the shades. 

The primary bladcaning of .the granules, dtie to the action of osmic 
acid was not seen in the majority of cases. This may be recognised lu 
evidence of the total absence of unsaturated fatty acids in usual granules, 

Most of the granules showed positive reactions to the staining with 
indophenol blue and the Nadi-mixture. It is unnecessary to state that 
the. former is one of .fat staining. As to the latter, thmre is much dispur 
tation whether this reagent, is specific to stain only the oxidase in the 
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cells or to stain simply fats. I believe, however, that Nadi-mixture stains 
truly the oxidase, as the granules were stained bluish before the indophenol 
blue was synthesized in the medium. This fact should be recognized as 
a datum which confirms Neumann’s view on the nature of oxidase in the 
leucocyte granules of invertebrates. 

The granules stained with the Nadi-mixture are somewhat more in- 
frequent than those stained with indophenol blue. I suppose, therefore, 
the reaction of oxidase would be closely related to the lipoid, but all the 
lipoid granules of the leucocytes do not always contain the oxidase. 

The histochemical demonstration of vitamins drew attention of many 
recent workers. Joyet-Lavergne (1935) has shown by a series of cytolo- 
gical and chemical preparations that vitamin A and glutathione are constant 
constituents of mitochondria, and this was confirmed by Bourne (1935). 
In mitochondria and Golgi apparatus, Bourne (1933, 1935) and Giroud 
and Leblond (1934, 1935) determined also the presence of vitamin C 
and glutathione. The cytological demonstration of vitamins has been 
made in the case of nearly all kinds of animal tissues, but scanty atten- 
tion has been paid to the blood corpuscles, so far as I am aware. Giroud 
and his co-workers (1934) discovered that a slight but definite reaction is 
given by the blood cells of guinea pigs and others. Zimmet and Ferriere 
(1936) also obtained a similar result on the blood of toads. Stephens 
and Hawley (1936) reported that the ascorbic acid was present in much 
greater concentration in the human leucocytes than in the erythrocytes 
or plasms, and the high values were obtained in the blood of leuchaemic 
patient. As to the invertebrates, recently the presence of vitamin C was 
reported by Giroud and Ratsimamanga (in 12 species of animals belong- 
ing to Annelida, Echinoderma, Mollusca and Arthropoda; 1935), and v. 
Ludany (in one fresh crab; 1936) but no description on this substance 
in blood corpuscles was given. 1 have reported in a previous paper (Ohuye, 
1937 a) the existence of vitamin A in the blood cdls of Urechis and 
Thalasema. In the present investigation, as was mentioned above, this 
substance was found in the granulocytes of some Polychaeta, Asterioidea 
and Crustacea infrequently. I suppose that the difficulty of demonstrating 
vitamin A in the blood cell is diie, perhaps, to the inappropriateness of 
the Carr and Price reaction when applied to cytological purpose. I 
will save the discussion of this problem for another occasion. 

Whether a substance found in the cells which is able to reduce 
acidulated silver nitrate would be ascorbic acid or not is yet problematic 
(King, 1936). But I called it vitamin C, following the view of Bourne 
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and the workers of tho Paris school. As was mentioned before, vitamin 
C was found in practically all granulocytes. In respect to this substance 
they should be divided into the five following groups: 

A. Preexistent specific granules giving no reaction of vitamin C. 

1. Vitamin C granules appear newly throughout the cytoplasm. 

2. Vitamin C granules show more or less a tendency toward 
perinuclear condensation. 

3. Vitamin C granules occurring only in the perinuclear region. 

B. Preexistent specific granules showing the reaction of vitamin C. 

4. Newly formed vitamin C granules are also to be seen in the 
cytoplasm. 

5. No newly formed vitamin C granules are found in the Cyto- 
plasm. 

Most of the granulocytes belong to group A, especially groups 1 and 
2. Needless to say, however, many intermediate forms were found in 
group A. Cells which should be classed as group 4 were infrequently 
encountered ; the green cells of PotamiUa and Cuthona belong to this 
category. In these cells the reduction of silver nitrate by the specific 
granules was not intensive. As to the fifth group one can include the 
brown amoebocytes of brachiopods, those of holothurids, and the coarse 
granules of Euphrosyne. The most intensive reaction was seen in the 
first mentioned cells, and the specific granules were perfectly blackened 
with the reagent, showing the abundant existence of vitamin C. These 
ceils gave also intense reaction of glutathione which I failed to detect in 
any cell of the other animals. The failure would be due, perhaps, to the 
fact that glutathione in these cells is contained in the oxidized form, and 
the previous reduction which I had made was unsatisfactory. Whatever 
be the case, it is very interesting that the gp^ific granules of some 
leucocytes showed most intensive reaction of vitamin C and glutedhioue. 
BouiiNE (1935) suggested that vitamin C and glutathione form an oxido- 
reduction system in piitochondria. Hiat was, I suppose, also the case in 
the present granules. The fact that the cells which, contain id^unda^ 
vitamin C, such as brown granular amoeboc^es of Brachiopoda, green 
cells of Ptitamilla, Cuthona, tic. are found in the tissues of reApkn^^ 
organs may suggest the existence of close association between vtomin C 
and the repiratory function of animdb. . 

The vitamin C granules demonstrated in the cytoplasm by the action 
of the reagent were usuaHy fine ai^ roand or rod*ld(e oiw tbronghoot 
idl the granulocytes. Aocoi^iq; to BtKnnac (1986) these shcfoid ,be to- 
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cognized as the mitochondria. He stated : “ Mitochondria are suggested 
as being composed of an outer lipoidal cortex which contain vitamin A 
and / or carotenoid pigments and core (a water-rich phase) in which vita- 
min C and glutathione are. situated. ...” These four substances (lipoids, 
vitamins A and C, and glutathione) were also found in the granulocyte. 
The presence of mitochondria in the human neutrophiles and eosinophiles 
was first demonstrated by Cowdry (1914). Sabin and her co-workers 
(1924) believed that, in the transformation of the myelocyte in the leuco- 
cyte, there is a gradual reduction in number of mitochondria as the specific 
granules increase in number. Analogous behaviour of vitamin C granules 
to this description was found in the present investigation : In the hyaline 
amoebocytes of various invertebrates, of which I will give account in another 
article, diere are usually found very numerous vitamin C granules, and 
their appearance, size and state of aggregation are quite similar to the 
mitochondria which are demonstrated by the supravital staining of Janus 
green B. Vitamin C granules are less in number in the granulocytes 
than those hyaline amoebocytes, and there is a tendency for the granulo- 
cytes which contained numerous specific granules to be relatively sparse 
in vitamin C granules and vice versa, although there are, of course, many 
exceptions to such a generalized principle. 

Whether the specific granules of leucocytes would be the product of 
mitochondrial differentiation or not is an interesting question, but not yet 
solved at present. Since the majority of granules did not show the 
vitamin C reaction, it would be supposed that they are not substance 
produced by the dire<;t metamorphosis of mitochondria. Regarding the 
granules of brown amoebocytes of brachiopods, which show the most 
intense reactions of vitamin C and glutathione, there is probability of 
this transformation. The cells belong to the fourth group, I suppose, 
show intermediate characteristic between these two types. Is it too hasty 
to suppose that the granulations of Branchiopoda still retain the mito- 
chondrial characters from which they were metamorphosed, while in those 
of usual animals so hightly or specially differentiated the properties of the 
modier substance have been lost in the course of metamorphosis? 

In ccmclusion, lipoids, oxidase, vitamins A and C, glutathione, etc. 
were found in the granulocytes of various invertebrates. It is evident 
Aat these substances would play an important role in cellular respiration. 
I think, therefore, the granulocytes should be reexamined with respect to 
(he idation between the function of granulocytes and these respiratory 
substances. 
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SUMMARY 

1. Four kinds of granulocytes, at least, are found in the blood or 
body fluid of various invertebrates ; a) finely granular cells, b) (k>arsely 
granular cells, c) cells with both fine and coarse granules, and d) pig- 
mented granulocytes. They are basophilic, eosinophilic, or amphophilic 
with inclination toward either the basophilic or eosinophilic. 

2. The granulocytes are amoeboid with a few exceptions. The finely 
granular cells usually show phagocytosis, but the others are almost nega- 
tive to this function. 

3. The majority of specific granules are stained with Sudan dyes, 
indophenol blue, and the Nadi«mixture, showing that they contain certain 
lipoids and oxidase. The granulocytes are usually positive to supravital 
staining with various acidic and basic dyes. 

4. Vitamin A was determined in some granulocytes of Asteroidea, 
Polychaeta, Crustacea, etc. Vitamin C was nearly always found in the 
granulocytes. This substance occurred as round or rod-like granules similar 
to the mitochondria. 

5. Glutathione was detected in the brown amoebocytes of Brachiopoda. 
It is supposed that this substance would form the oxido-reduction system 
in the cell with vitamin A and vitamin C. 
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In the present paper, lipoids, vitamins, etc. as the content of the 
granular inclusions of red cells and the fine structure which is demonstrable 
by the method of Tomita and others of silver impregnation are principally 
discussed. The materials used in the experiment consist of a part of those 
which have been the objects of my previous papers (Ohuye, 1937 a, 1938 a). 
The methods of investigation are given also in these papers. 

The nature of granular inclusions of red blood cells found in some 
marine invertebrates has been reported in the previous papers (Ohuye, 
1937 a, b). As is seen in one of them (1937 a), the staining of these 
bodies with Sudan III ended in failure except in the cases of Urechis 
and Thalassema. In the present investigation, however, it succeeded with 
the red cells of the following animals; Physcosoma scolops, Terd)dla sp. 
{ddrilis ?), Glycera chiwri, and Travisia japonica. That is, the refractive, 
round or oval granules which have a dancing and quivering movement, 
and vary in number and size, are stained deep red or orange red with 
Sudan HI. Brown granules of Area infiata and Caudina chilensis were 
negative to the staining of Sudan dyes in the present as in the former 
experiment. They are, however, positive to the supravital staining of 
indophenol blue and to die staining of Nile-blue sulphate— acetic acid, 
after the alcohol fixation, diowing the presence of lipoidal substance. 
The Nadi-ieaction is positive without exception in these bodies. The 
Carr and Price blue, due to the presence of vitamin A, was found only 
in die granular inclusions of some erythrocytes of Travisia upon rare 

UCoAtribatkm from the Auimaihi Marine Biological Station, Aomori-ken. No. 148. 
Tfais work ia aiwciitad with the financial aid of the Japan Society for the Promotion of 
Seientifie Reiearch. 
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Fig. 1. Red blood cells of 
Tramsia, ca. 1,200 X. 
a-d. Cells with vitamin C gra- 
nules. 

e & f. Lateral (e) and front 
view of cell with neutral 
red bodies (black). 


occasions. On the contrary, vitamin C is found almost constantly as a 
part of granular inclusions ; it is found in them as a few, small and round 

granules (Caudina) ; as a crescent or rod-like 
granule (Travisia: Fig. 1, b & c) or as a 
single, round granule {Physcosotna, TereMla, 
Glycera and Atxm). Besides appearing in 
such granular inclusions, vitamin C granules 
appear in the cytoplasm of red cells occa- 
sionally. In the majority of cases these 
granules are difficult to distinguish from 
those of the preexistent granular inclusions 
because of their similar appearance, but a 
remarkable increase in number makes it clear 
that the newly appeared granules of vitamin 
C do exist (Fig. 2). This is quite analogous 
to the relation between neutral red bodies 
and induce granules. In the case of Caudina, 
the differences of the two granules are very 
distinct because the granular inclusion of 
red cells consists of single, or, very rarely, double, large, and brown 
bodies. In the red cells of Caudina in prolonged captivity (about three 
weeks), the vitamin C granules are found only in the granular inclusion 
(Fig. 3, g & h) while they ap- 
pear in the cytoplasm of newly 
captive of animals (Fig. 3, a-f). 

In the latter case, from five to 
thirty or more granules of vitamin 
C could be observed. They are 
fine, round or bacillus-like in 
shape, and usually scattered 
throughout the cell body, but 
occasionally they surrounded the 
nucleus (Fig. 3, b, c & e), or the 
brown body (Fig. 3, d). The 
shape and arrangement of these 
granules are quite similar to 
mitochondria which are demonstrable by the suprapital staining of Janus 
green B. Bourne (1935) stated that most of the cdls obtained from 
animals suffering from scurvy had contained constantly a very reduced 



Fig. 2. Red cells of TereMla with vita- 
min C granules, ca. 1,000 X. 
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number of the vitamin C granules. The marked decrease in the number 
of vitamin C granules in the present 
case, therefore, may be due also to 
scurvy. As a matter of fact, the 
animals in prolonged captivity show 
scorbutic symptoms such as haemor- 
rhages beneath the skin, mucous 
membrane, etc., a spongy condition 
of the body wall, anaemia and so 
forth. 

The red cells of Siphonosoma 
cumanense are hyaline and homo- 
geneous, and it is difficult to find the 
granular inclusion except as a single, 
round, refractory granule which is 
also positive to staining with Sudan 
dyes, the Nadi-mixture, and the reduction of silver nitrate. Vitamin C 
granules appear throughout the cytoplasm, and they are similar to those 
found in the red cells of healthy Caudina. 

I have explained in a previous paper (Ohuye, 1937 a) that the granular 
inclusions are the constant component of the red cells of eight invertebrates, 
and that they are positive to the Nadi-reaction, and blackened with osmic 
acid with no exception. By the present experiment it also became clear 
that they show a constant fatty nature and are positive to the reaction 
of vitamin C. The ^ARR-Price reaction of vitamin A was also determind 
in these bodies of occasional cells, while attempts to detect glutathione 
always brought a negative result. I suppose, accordingly, that these 
granules would possess some relation to mitochondria, which are supposed 
to consist of lipoids, proteins, vitamins A and C, glutathione, ferments, 
etc., as was suggested by Bourne (1935) and Joyet-Lavergne (1935) ; 
and that they would play a role in cellular respiration, as do mitochondria. 

I reported to have made (Ohuye, 1937 a) u silver impregnation of die 
red blood cells of some invertebrates, using the method of Tomita and 
others, and that a pattern similar to ‘ amphibian type ’ had been obtained 
in every case. In the present investigation, that method was applied to 
the red cells of Traviaia japonica, Glycera chiron, Sipunculus nudus, and 
Siphonosoma cumanense. The fed cells of Travisia showed either the 
amphibian type or droplet type (Fig. 4). The next two animals also 
possessed the pattern belonging to the amphibian type. The last animd, 



Fig. 3. Red cells of Caudina, cu, 
l,000x. 

a-f. Red cells of newly captive of ani- 
mals. 

g & h. Red cells of animals in pro- 
longed captivity. 



626 


T. OHUTB 


however, showed a somewhat specific pattern. Needless to say, the gra* 
nular inclusions are constantly positive to silver impregnation tfarou^out 

all the animals. The typical 
pattern oi ' Siphonosoma is 
similar to the shape ct a 
cart whed ; namely six 
silver impregnated rays 
which corre^nd to the 
spokes of the wheel radiate 
from a centre, at geomet« 
rically regular intervals, and 
with no branching (Fig. 5, 
a-c). The centre from 
which the spokes radiate is 
usually a small circle which 
is also impregnated with 
silver. A pattern whose 
spokes are reduced to Z-4 
in number is also ooea* 
sionally found (Fig. 5, d-h). 
Occaskmal cells possess an 
irregular pattern too (Fig. 
5, i), owing, perhaps, to the 
unsatisfactory fixation. PB^ 
tial haemolysis due to the 
action of saponin, hj^tonic 
salt solution, etc. also causes 
the appearance of irregular 
patterns. 

The patterns just mentioned above diould not bdong to any type of 
Kawabb’s classification which I have mentioned in a previous paper 
(Ohute, 1937 a). These are more or less similar to the ‘ traditional 
form of irregular type,* but such unbrandied and geomdrically regular 
patterns are not found in that form. It seems to me that the pattern 
of Sij^umosoma should be recognized as specUic to these animals, or, at 
-least, that this is a new type whidi no (wevious description is found. 

The ha€»no^obm in the blood (rf TVosMo is contah^ not only in 
toe red cells, but also in toe blood pfaum.. Thla is etvidmit from toe fact 
that toe blood freed from the oorpusdes fay oaotriftu^ separation toows 



Fir. 4. Silver impregnation of red cells of Travi- 
sia, ca. l,000x. 



Fig. 5. Silver impregnation of red cells of Sipho- 
noBomtL ca. l|500x. 
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also transparent and deep red colour. There are, of course, many worms 
which have haemoglobin dissolved in the plasm, but with no red cells, 
while others possess blood of exactly the reverse nature. The blood of 
Travisia, therefore, shows .a transitional stage from the former to the 
latter. I sought to find some specific blood cells which may occur in 
such special blood, but my efforts resulted in failure. The stages in the 
maturation of red cells were quite similar to those of the vertebrates. 

The red cells of Travisia are usually oval and slightly biconcave disks 
(Fig. 1), measuring about 20 yu in longer-, 15 /i in shorter diameter, and 
in thickness. They possess, naturally, a single, round or oval, and 
centrically localized nucleus. However occasional red cells are so small 
that their diameter is approximately half of that of usual cells, and no 
nucleus is found in the cell body. Whether these cells are the so-called 
erythroplastid found by Romieu (1923) in the blood of Thalassema and 
Magdona, or the mere fragments of red cells, is yet uncertain. Intra- 
cellular crystallization of haemoglobin was also found in the red cells of 
Travisia. The shape and state of aggregation of crystals are quite like 
those of Area of which I have previously given information (Ohuye, 
1937 a). The neutral red bodies were from two to five in number (Fig. 
1, e & f). The preexistent granules were easily supravitaliy stained with 
brilliant cresyl blue, Nile-blue sulphate, etc. 

SUMMARY 

The granular inclusions found in the red cells of Travisia, Glycera, 
Terebdla, Physcosoma, Sipunadus, Siphonosoma, Caudina, and Area were 
constantly positive to the reactions of fats, oxidase, and vitamin C. Some 
of them showed also the reaction of vitamin A. Pattern which seems to 
be specific to the red cells of Siphonosoma was demonstrated by the 
method of silver impregnation. Haemoglobin is found in both the plasm 
and the red cells of Travisia. 
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Plotosus anguillaris (Lacepede) is frequently found in the summer 
month in shallow water near the beach. Having a school habit, a single 
dip with a net may take great numbers. Although the body length of 
each individual of a school is usually nearly equal, but as the sex-ratio, 
nothing has been observed. When brought into the laboratory, these 
fishes assemble to form a black mass in the aquarium, usually crowding 
to the side. However, when shelters, as stones are supplied, they take 
opportunity and quietly re.st there. During the winter, the water tem- 
perature is about irC, the fishes seem to lose aggregating behaviour. 

The problem concerning the aggregating behaviour of the fish is studies 
from various angles, and as the first attempt, a study is made on the 
the sense organs as bearing upon this behavior. In this work, the roles 
played by the vision of^fish in the formation of aggregation is the chief aim. 

The present experiments were based mainly on fishes of 7-8 cm. in 
body-length. They were collected from Simoda Bay and kept in two 
tanks of the same size, 1x1x1.5 m. During the course of the experi- 
ments, these fishes were feeded by worms or meats. 

As this place I wish to express my gratitude to Dr. S. Hatai for 
his very valuable and kind criticisms given me during the course of this 
investigation. 


1. THE RdLE OF THE VISUAL SENSE ORGAN 

Pars (*21), in a study of schools of pelagic fishes, concluded that the 
behaviour of individuals is controlled by visual stimulation. According to 
Bowen (’31), the eye is an important sense organ in the formation of 
the catfish aggregation seeing that aggregation is broken up in about a 
minute after Ae light is removed. Spooner (’31) studied Ae schooling 
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behaviour in the bass and found that sight is a prime factor. It can be 
concluded from these observations that the eyes are extremdy importuit 
for the aggregation of the fish. 

My first experiments were performed to test die rdation of the ag> 
gregation to die presence of light All of the experiments were done in 
a dark room. A 60 Watt Mazda electric lamp which could be switched 
on and off at will was placed over the center of an aquarium, 69 x 41 x 
36 cm., in size and containing several fidies. These fishes were left for 
definite intervals in the dark, and were observed as the light was flashed 
on. For convenience, the degree of aggregation is recorded in terms of 
the following five stages as employed by Bowen (’31) : 

Stage I. Close aggregation — fishes in one or two compact groups. 

Stage II. Loose aggregation. 

Stage III. Slight grouping — nearly one half of individuals formed a 
compact group. 

Stage IV. Mosdy scattmed — less than one half of individuals formed 
a compact group. 

Stage V. Completely scattered. 

The results obtained are presented in Table 1. 

Table 1. 

Stages of c^gregatUm of 50 normal fishes after given 
intervals of dark. 

(Water temp. 14X., April dth) 


Intarval 

Stag® 

Time (secotijB!) required to 
reform a compaet mass 

10 iT. 

n 

9 

208. 

n 

8 

308. 

II 

14 

40 b. 

11 

12 

508. 


10 

1 m. 

ni 

9 

Im. dOs. 

in 

15 

2m. 

V 

20 

2 m. SOi. 

V 

30 

3 m. 

V 

22 

4 m. « 

, V 

20 

5 m. 

V 

81 


Similar results were obtain^ for the fishes ei other sets. These 
results show that Uiere was no case of Stage I, and Stage II was observ e d 
only at a short poriod in the daric. When these fishes were left in the 
darkness for two minutes and more, fimy scattmwd in the aqoariwi. Close 
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Aggregation, bowevor, took place shortly after the light was turned on. 
Accordingly, aggregation b followed by the persence of light. 

That the blinded catfish do not aggregate has not only been described 
by Eddy (’25) and Bowen, (’31), but has been repeatedly confirmed by 
my own observations. Thirty fishes blinded by means of a hot needle, 
usuaUy did not aggregate even in the light, though they would some- 
times turn to follow another fish when closely passing by. Seven days 
after this operation, these fishes were tested by the same method described 
above. The results are shown in Table 2. 

Table 2. 

Stages of aggregation of 30 blinded fishes after given 
intervals of dark time. 

(Water temp. 19''C) 


Interval 

Stage 

Interval 

Stage 

10 8. 

IV 

1 m. 

IV 

208. 

V 

2 m. 

V 

308. 

V 

i 3 m. 

IV 

40 s. j 

II 

1 

V 

50s. 1 

V 

5m. i 

i V 


From the above table, it is noted that the degree of scattering is not 
varied directly with the given intervals of dark, in marked contrast to the 
case of the normal fishes (see Table 1). 

That the catfish scattered in the dark leads to suspect that it does 
not aggregate in the dark night. Bowen (’31) declared that the catfishes 
show no aggregation during the darker part of the night, but a gradual 
increase in the degree of aggregation occurs with increasing dawn. 

My observations were made at hourly intervals throughout the night 
(Oct. 11th ’36) on the behaviour of .50 normal fishes in the laboratory. 
There was no moon. They scattered in the aquarium during the whole 
time from 8 p.m. to 5 a.m. the next morning, but gradually formed a 
loose aggregation as it began to grow lighter and finally assembled at 
about 5j20a.m., and remained thus, the entire day. The sea catfishes, 
therriore, may scatter in the dark night in their natural habitat as can 
be judged from laboratory observations. 

All of die above results indicate that vision is very important in the 
fmaation of aggregation, which odierwise generally breaks up. 
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2. THE REACTIONS TO THE MIRRORS 

From the foregoing results, it appears that this sea catfish might show 
reaction to the mirror image. Spooner (’31) from his studies on the 
schooling of the bass finds that this fish reacts to the mirror, and that 
the reaction is most remarkable in one isolated individual — progressing 
less as the number increases. But, however, he also noticed that no 
attention was paid to such a small mirror as one that reflects only the 
eyes or the head of the fish. Moreover, the distribution of fishes in the 
tank was affected by the presence of the mirror. In connection with 
these results, it seems to me very interesting to observe the reactions of 

this sea catfish to the mirror. 

At first 1 watched the reaction 
of a single fish to a rectangular 
mirror, 18 x 13 cm. in size, which 
was placed against one side of a 
wooden aquarium measuring 41 x 
27 X 20 cm. When the fish was 
transfered into this aquarium with 
the mirror, it swam readily to the 
mirror spending much time swim- 
ming to and fro in rapid zigzag mo- 
tion across the mirror surface with 
its face close against the glass, as 
though attempting to pass through 
it (Fig. 1). The behaviour exhibited 
by these fishes was always essentially 


Table 3. 

The duration of the reactions of a single fish to the mirror, 
(Time of each observation is 5 minutes. Water temp. 19°C) 


No. of specimen 

Shortest and longest 
duration 

No. of limes 
of reactions 

Sum 

I 

2 s.-r2 m. 30 s. 

4 

2 m. 50 s. 

II 

40 s.— Im. 40 s. 

2 

2 m. 20$. 

in 

5 s. — 2 m. 32 s. 

3 

3 m. 51 s. 

IV 

1 m. 15 s . — Z m. 67 s. 

2 

4 m. 12 s. 

V 

1 m. 20 s. 

1 

1 m. 20 s. 

VI 

^ 10 s. — Im. 5 s. 

5 

3 m. 

VII 

5 s.— 65 s. 

8 

2 m. 15 s. 

VHl 

1 m. . — 2 m. 30 s. 

2 

3 m. 30 s. 

IX 

35 .s. — Im. 15 s. 

4 

3 m. 18 s. 

X 

5 s. — 1 m. 26 s. 

4 

2 m. 5 8. 



Fig. 1. Schema showing the reactions 
of the fish to the mirror* m. 
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of the kind described above, regardless of body length and sex. But, the 
period during which the fish reacts to the mirror varied with each indivi- 
dual. I examined the duration of the reaction to the mirror and obtained 
the results shown in Table, 3. 

These results show that the fish, as might be expected, was greatly 
attracted by the mirror in a similar manner as the case of the bass. 

Next I tested with the same methods and under the same conditions 
whether the mirror exerts less attraction to the fish as the individual 
number increases. The results were Tables 4-6. 


Table 4. 

The duration of the reactions of two fishes together to the mirror. 


No. of set 

1 

1 Sliortc-st and longest 

1 duration 

No. of times 
of reactions 

Sum 

I 

33 s.— 2 m. 

2 

2 m. 33 s. 

11 

4 s. — 1 m. 30 s. 

6 

2 m. 21 s. 

III 

30 S.--1 m. 10 s. 

2 

1 m. 40 s. 

IV 

40 s. — 1 m. 27 s. 

2 

2 m. 7 s. 

V 

7.S.— 2 m. 8 s. 

3 

3m. IDs. 

VI 

218.— 50.8. 

3 

2 m. 10 s. 

VII 

! 

10 s. — 1 ni. 12 s. 

4 

2 in. 5 s. 


Table 5. 

The duration of the reactions of four fishes together to the mirror. 


No. of set 

Shortest and longest 
, duration 

! No. o^ time.8 
of reactions 

! Sum 

I 

1 5 s. — 1 m. 11 s. 

5 

3 m. 1 s. 

II 

6 s, 

47 .8. 

5 

2 m. 4 s. 

HI 

2 s.— 

31s. 

12 

2 m. Is, 

IV 

15 s.— 

40 s. 

4 

1 m. 37 s. 

V 

38 s. — 3 m. 10s. i 

4 

2 m, 41 s. 

VI 

10 s.- 1 m. 5 s. ! 

5 

2 m. 24 s. 

VH 

2 s.— 

45 s. 

1 '2 1 

1 m. 15 s. 


Table 6. 

The duration of the reactions of ten fishes together to the mirror. 


No. of set 

Shortest and longest 
duration 

No. of times 
of reactions 

Sum 

I 

l.'is.—ZSs. 

2 

40 s. 

II 

7 s. — 30 s. 

4 

1 m. 

III 

12 s.- -20 s. 

3 

46 s. 

IV 

3 s.— 16 s. 


37 .8. 

V 

5 s. — 18 s. 

3 

348. 






634 


M. 8At6 


From these results, it wiii be seen that the increase of individuals 
decreases the intensity of the fish’s reaction to die mirror. With the 
increase in number of fishes, they swam most of the time in a mass and 
thus they paid less attention to the presence of the mirror than a single 
one did. Hence the reactions to the mirror are best seen in a single 
specimen isolated from the rest. But, it must be noted that a single fish 
did not show remarkable reactions to the mirror when it was restricted 
in the aquarium with the mirror for a period longer than thirty minutes. 

Employing eight fishes a series of experiments was dien run in order 
to compare the duration of the reactions of a single fish to three mirrors 
of different sizes. Each fish was observed for five minutes with the 
method described above. The results are as follows. 


Table 7. 

Duration of reactions to three mirrors of different sizes. 


' - Size of 

mirror 

No. of 
specimen 

8x6 cm. 
(reflects the | 

whole body) j 

4x3 cm. 
(reflects half 
of the b^y) 

3.5 X 2 cm. 
(reflects the 
head alone) 

I 

' — 

1 m. 3 s. 1 

1 m. 20 s. 

178. 


1 m. 37 8. 

1 m. 23 8. 

28$. 

III 

33 s. 

128. 1 

238. 

IV 

1 m. 22 s. 

8 s. 

38. 

V 

37 s. 

208. 

408. 

VI 

61 8. 

68. 

48. 

VII 

1 m. 38 s. 

1 m. 37 8. 

1.5s. 

vm 

Im. 588. 

31 8. 

4 8. 


The results recorded here corroborate the investigations performed by 
Spooner (’31) on the bass : the complete image is not necessary, to bring 
out this sort of reaction. But the duration of reactions to the mirror 
was reduced with decrease in the size of the mirror. 

In connection with the experiments on the mirror, I tested the behaviour 
of this fish to plain glass or porcelain plates wttii smooth surface. 

To a rectangular glass plate, 18 x 13 cm. in size, placed against one 
sidewall of the wooden aquarium, the fishes gave no reactiuns, excepting 
one case in a total of twenty observations. To dark glass plate, or por- 
celain plates, they paid little attention. 

The evidence of the facts indicates that this characteristic behaviour 
described above is not evoked by any sort (rf plates without dear images, 
as no reactions occur. The positive evidmice for this is that this behaviour 
is not observed on the blinded fishes and the intenuty of this reaction is 
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ilot aff^ted by the removing of all barbels*^ about the mouth of the fish* 
Accordingly, it may be concluded that the mirror image exerts an influence 
identical with that of the presence of another individual, evoking the 
aggregating reaction* But, it must be kept in mind that this fish shows 
far less decided reactions to the mirror laying on the floor of the aquarium, 
thus differing from the case of the bass (Spooner, ’31). This catfish 
usually swam over the mirror on the floor without paying attention. This 
subject needs further investigations before any definite conclusion can be 
drawn, but it seems to be highly probable that the slight attention of 
the fish to the mirror on the floor is due to the movement"-’ of the eye 
of the fish. 

Bowen (’31) pointed out that the catfish follows a moving object in 
a way which, if continued, would result in the formation of aggregation. 
Spooner (’31), however, has concluded that the movement of the object 
is not essential for evoking the schooling behaviour of the bass, since a 
live fish reacts to a dead one. In order to ascertain this subject on the 
present fish, I performed the following observations. 

When a small object such as a leaden ball, stone or a dead fish was 
drawn through the water containg the fishes, they swam”^ in pursuit of it 
in a similar manner as that described by Bowen (’31). But, these fish 
did not pay any remarkable attentions to such objects when they were 
not drawn through the water. Though this fish approached to a dead 
one, as noted by Spooner (’31), the fish soon escaped from the dead 
one and did not remain to lie alongside it. Furthermore, this fish did 
not show any reactions to a painted picture which closely resembles a 
fish and is stood up against one wall of the aquarium, covered by a thin 
glass plate. 

Next, I carried out my investigations by the use of a small glass box, 
17 X 6 X 10 cm. in size, furnished with a covering plate in order to avoid 
the tactile impulse induced by the direct contact to the body of the fish. 
This small glass box in which sea water and a live or dead fish were 
contained was placed in the wooden aquarium described above. After 
tiiis proc^ure, I brought the fish into this wooden aquarium and observed 
the reactions of the introduced fish to this small box. The introduced 

fopoitsd alrmdy on the barbels of this fish (Sci. Rep. TAhoVu Imp. Univ., Biol. Vol. 
11, ko. 3, ’37). 

^ScuiCRB, O. S. examined the movement of the eyes of Ammrtu nebulosus Les. (Zool. 
Jahxli., Abt allg. Zool u. Physiol., Bd. 38, 48-'! 13. *21). 

•)Thl» reaction eras most distinct in the small fish of 3-4 era. in body-length. 
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fish gave reactions similar as that induced by the mirror to this small 
glass box in which a live or dead fish was confined (Fig. 2). It is 

interesting to note that a live 
fish in this glass box did not 
always follow in pursuit of the 
outer fish. I measured the 
period during which the fish 
reacts to this glass box. Each 
observation was done for five 
minutes. The average duration 
obtained by ten observations 
on the reactions to the box 
containing a live fish was 54 

seconds, and the same to a 

Fig. 2. Schema showing the reacUon. of the jy seconds. It 

fish to a glas-s box, b, in which a live or dead , _ . i i i i 

fish u confined. '*> therefor, probable that 

this catfish is excited more 
powerfully by the movement of the live fish than either the dead or 
imitated fish. 

As for the last test, an attempt was made to compare the frequency 
with which the fish reacted to the mirror with that to the glass box 
containing a live fish. By this means an indication may be given as to 
whether the presence of the mirror made any difference. A rectangular 
mirror, 18x13 cm. in size, was placed against one wall of the wooden 
aquarium and a glass box used in the former investigation was placed 
on the floor about 35 cm. apart from this mirror. A fish was than 
introduced into this wooden aquarium, and the duration of the reactions 
of this fish to the both mirror and glass box containing a live fish was 
observed for five minutes. This investigation was repeated with different 
specimens with the similar results as are shown in the following table. 

Thire is a greater probability that the fish will swim in front of the 
mirror than in front of the glass box cmitaining a live fish. It is impos- 
sible to interpret definitely these, results, but thi$ attraction of the mirrotr 
seems to be probably due to fact that the mirror image follows perfectly 
with the movement of the fish in the aquarium, while the fish reacted 
in the small glass box does not always react in pursuit the outer fish. 

Taking advantage of that the fighting fish is excited by the mhror 
image, Brecher (’33) and LtseaiAim (*33) determined the “moment” or 
“ Zeiteinheit ” of this fish. But, I could not dbtahi the “moment” on 
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Table 8, 

Duration of the reactions of ten fishes to the both 
mirror and glass box containing a live fish. 


No. of specimen 

Mirror 

Box 

I 

1 m. 43 s. 

33 s. 

11 

1 m. 29 s. 

37 s. 

III 

1 m. ^ s. 

32 s. 

IV 

1 m. 43 8. 

1 m. 23 s. 

V 

2 m. 31 8. 

25 s. 

VI 

Itn. 42 h. 

6 s. 

VII 

Im. 53 s. 

31 s. 

VIII 

Im. 23 s. 

16 s. 

IX 

33 s. 

4.5 s. 

X 

3 m. 10 s. 

2 s. 

Average 

1 tn. 48 s. 

27 s. 


this sea catfish by the same methods as that worked by the previous 
two authors, owing to the fact that this did not react decidedly to the 
mirror standing closely near to the outer wall of the glass aquarium. This 
subject will be discussed in the near future. 

SUMMARY AND CONCLUSIONS 

1. The vision plays a leading role in the aggregation of the sea cat- 
fish since the normal fishes fail to aggregate in the dark and the blinded 
ones do not come together into a compact mass. 

2. This fish reacts, to the mirror stood up against one wall of the 
aquarium: the fish spends much time in swimming by the surface of the 
mirror in rapid zigzag motion, as though to pass through it. 

3. This characteristic behaviour is always essentially of the kind 
described above, regardless to the body length and sex of the fish. 

4. The time during which the fish reacts to the mirror is shortened 
with the presence of the other fish and with the decrease of the size of 
the mirror. For evoking this reaction, however, a complete image is not 
necessary. 

5. It is interesting to note that this fish pays slight attention to the 
mirror laying on the floor of the aquarium. And this fish does not show 
any reactions to any sorts of plate without clear image. 

6. This fish is more attracted : by the movement of a live fish than 
either a dead or imitated fish. 
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A BRIEF OBSERVATION ON THE BIOLOGY OF HERRING 
(CLUPEA PALLASII C. & V.) WHICH MIGRATES INTO 
LAKE OBUCHI, A BRACKISH LAKE IN 
AOMORI PREFECTURE, JAPAN'' 

By 

S. Kokubo and T. Tezuka 

Marine Biological Station^ Asamushu Aomori-ken 
\ With eight figures 
(Fiefelved February 5, 1938) 

I) INTRODUCTION 

Among the races of Japanese herring which were studied by Fujita 
and Kokubo (1923, 1926, 1927) a race called Hinuma herring particularly 
interested us, because of the fact that the Hinuma herring forms a distinct 
race, contrasting with the Hokkaido herring which constitutes the bulk of 
Japanese herring. Furthermore, the fact that it regularly migrates into 
Hinuma, a brakish water lake, for the purpose of spawning, doubled our 
interest. 

Hearing that the Obuchi herring also migrates into the brackish 
Lake Obuchi, we naturally wondered whether it might be the same race 
as that of Hinuma or whether it may likewise spawn in Lake Obuchi. 
To resolve this question we made a preliminary observation of the Obuchi 
herring and its environmental conditions. For the purpose of comparison, 
the Asamushi herring from Aomori Bay were also studied. 

In the present paper some numerical data have been given with re- 
ference to the racial characteristics of these herrings, but the final decision 
may be made only after adding further data. 

We here tender our hearty thanks to Prof. S. Hatai for his kindness 
in looking over the present paper. 

2) MATERIAL AND METHOD 

Material. The Obuchi herring (Fig. 1) were obtained from Obuchi 
Village where they are abundantly caught in Obuchi River. Two lots 
consisting of 82 fishes in all were obtained, the first one was collected 

0 (Contribution from the Marine Biological Station, Asamushi, Aomori-ken. No. 150. 
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by Tezuka on Dec. 27th 1936, and the second was collected and sent to 
us by Mr. Y. Maita of Obuchi to whom our thanks are due. The first 
lot of 10 fishes was caught on the morning of Dec. 27, while the second 
of 72 fishes was collected during the period from Jan. 25 to 27th, 1937. 



Fiff. J. Herrin^i (Clupea fiutlasii C. & of I.i4ke Obuchi. 

The Asamushi herring was collected in mid- April 1935 in the vicinity 
of our laboratory. This herring is not abundant, but frequents regularly 
from year to year, and is caught by fishermen with a gill net which has 
the me.sh of about 19 mm. 

Method, Fujita and Kokubo (1927) employed a method derived from 
both Heincke (1878) and Bkoch (1908), the former being referred to the 
Scandinavian investigator Nilsson. In Studying the English herring, Okton 
(1916) followed the scheme of the Board of Agriculture and Fisheries. 
In studying the herring of the North Sea and Ratezat, Johansen 
(1923, 1924) measured the number of vertebrae, keel scale, and ray 
of fins, but disregarded the position and length of fins, according to the 
current view that, characters which remain constant throughout the whole 
life of fish is to be preferred to define races. Mo.st of the above methods 
essentially consist in the representation of measurement by an index which 
represents the ratio between the total length of the body and each 
measurement. In the present study Fujita and Kokubo’s (1927) method 
with some modifications was used. The scheme of the characters studied 
by us is as follows : 

1) Total length of the body (T) 

2) Body length (T— cd) 
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3) Cftudal length (cd) 

4) Sex 

5) Length of dcnrsal fin (D) 

6) Dorsal fin ratio (D/T) 

7) Lateral length of the head (Icpl) 

8) Head ratio (Icpl/T) 

9) Wdght of fiidi (Wt) 

10) Weight of ovary (Wt.O) 

11) Ovary ratio (Wt,0/Wt) 

12) Age due to scale. 

13) Nanber of keel scale (Kf) 

For the procedure for measuring diese characters, the readers are 
referred to Fujita and Kokubo (1927). Of these 13 itmes the Wt.O/Wt 
is not so far studied. This was first tried this time with the object of 
expressing the degree of maturity. As is evident from their results the 
most useful measurement was that of the length of head and the number 
of keel scale. Even only from these two factors the local races can be 
defined to a certain extent. 

To define one race from other we adapted the statistical method used 
by Brock (1908). He compared the variation curves by calculating the 
average of an index and its probable error (0.6745 <r/V n ), basing on 
the general principle that when two variation curves are mathematically 
different, the relation between the average and probable error should be ; 

G,-G,^3v'SF,*+SF,* 

Whore G, and G« signify two averages. 5F, and SF, being the pro- 
bable error of Gi and G» respectively. From this method whether the 
three fdds of probable error are smaller or larger than the difference 
between two averages will be counted. 

Ford (1928) also made comparison of two averages by a similar me- 
thod. In his case, however, the magnitude of ' standard error ’ 
ii yitfed of probable error, was compared to die difference of two mean 
vahtes. tlw formula emidoyed by him was, 

(mg— •nil) owt + 

Whem etf and m, designates two mean values, and nm* and »m, are 
respeodv^y ^ standard errors i>h and m,. Actoafiy the both methods 
well ooineide as die pndmble error is 1/0.6745 times tbe standard error 
the three times fwobable error is approximately the same as twice the 
ftaiidaird error. 
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3) RESULTS 

a) The Herring and its Environment. 

Herriffg invading into lake. As far as the present authors are aware 
there are sevwfil ■ populations of herring which invade the brackish lakes 
of Japan. .Of these herrings two local races Brere report^ by Fujita 
and Kokubo (1.927) from Lakes Tonnai (Karafuto) and Hinuma. 

One of the Herring studied here has been found in Lake Obuchi as 
previously stated. Locally this herring has long been known because of 
its regular frequentation. The catch of this herring appears to have been 
fairly grisat until sonae twenty years ago. Since then it has become of 
but minor economic importance, as the catch can supply no more than 
Obuchi Village. Though the causes of this depletion are not certain, 
overfishing might have been one of the contributing causes. Tamura 
(1932) reported the herring from Lake Takahoko, a little north of Lake 
Obuchi. But this herring seems to be very scanty and irregular in yield. 

Herring freQuetiUng Aaamushi. Owing to the fact that no herring is 
ever caught in Aomori Bay except during the spawning season (April) it 
seems cri-tain that this herring migrates from the Tsugaru Strait. Con- 
cerning the movement of herring in Aomori Bay it has long been believed 
that the school from Tsugaru Strait migrates along the west coast of the 
bay towards the south. On reaching the head of the bay they turn 
eastwards and then northwards, and finally go out to the strait passing 
Noheji Bay. 

Hydrography of Lake Obuchi. Along the Pacific coast of Shimokita 
Peninsula, Aomori Prefecture, are forind five shallow lakes of varying 
sizes. Excepting the smaller two, each of the othmr three lakes .are in 
communication with tiie Pacific Ocean through a narrow outlet which is 
temporarily closed on: account of the heavy east wind' prevailing in one or 
the other season , of the year. Ihe doSure of the mouth does not last 
long as it B dirained away by t^he flooding of the lake or by some arti- 
ficial means, .the. water of all these three lakes is brackish, ^e salinity 
varying according to. the amount of inflowing water. 

Among diese Jakes the northernmost is Lake Obuchi, of about 3.74 sq. 
kilometd*s in area, and the circumference measuring about 12.kiloiiieter8. 
Its riiape is like a rectangular triai^la,- .the longest sidp stretching east 
and west, and opening into sea- at ^.east comer. The mean depth 
of the lake is probably 2 meters' or thereabout. In the lake are two 
areas each of which is surrounded with an isometric depth of 5 meters, 
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one lies a little to the west of the centre of the lake and gives the 
maximum depth of 5.5 meters in its centre. The east corner of the lake 
extends into the Obuchi River which has a maximum breadth of about 
300 meters and runs about 1.5 kilometers towards the sea. The bottom 
of the lake largely consists of mud which gradually merges into sand 
towards the river. 

The level of the lake is under constant influence of the tide, its diurnal 
change usually ranging between 15 and 30 cm. Existence of a tidal stream 
through river and lake is recognized from the fact that the waste material 
in the river reaches the centre of the lake when the tide floods. 

Observation I. The first observation of the water temperature was 
made by us during the 27th- 29th of December, 1936, at a station near 
the trap-net of herring (Fig. 2), with the following result. 


Date 

(Dec. 19,36) 

1 

' Hour 


1 Weather 

1 

1 

10.00 a.m. 

4,0 p.m. 

27th 

c 

1 

!_ 

3 5T 

3.2"C 

28th 

hli/.xard 

3.0T. 

3.0T 

29th 

1 blizzard 

2.9'’C 

2,8"(: 


The above observation shows that these are the temperatures of the 
river just when the herring began to migrate into the lake. From this 
time onwards the herring continues incoming migration through the coldest 
season of late February when the lake freezes. On March 13, 1937 an 
occasional observation was made at the above station and the water 
temperature was found to have sunk to — 0.5’C. Thus it was found that 
the migration occurs during the coldest season of the year. During this 
season the temperature of the river showed 3.5“C.'at the beginning and 
sank as low as — O.B^’C. at the end. 

Observation II. The second observation was made on April 4'5th, 
The results are tabulated as the following table. 

At the time of this observation the incoming migration of herring just 
ended, the sch<x>l culminating in the uttermost of the spawning. Therefore 
the above results can be considered as the conditions of the spawning 
season. Apr. 4th of this year was the eighth day after the complete 
thaw of the ice, and the opening of the river was fully drained on account 
of the thawing flood. 

The temperature of the water which was about 3.0“C. in the preceding 
observation now ranged around Such low temperatures as 2.5*’ 
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and 3.8°C. were measured in the early morning when the shore occasionally 
froze. At a station (St. D) where the spawned eggs were found, the 
temperature was 5.8°C. at the surface and 4.6°C. at the botom. As can 
be seen from the above table there seems to be no regular horizontal 
distribution in water temperature. 

The specific gravity of the water ranged between 1.007-1.008 at all 
stations. A slight tendency towards increasing salinity at the bottom was 
observed at three stations (St. D, St. G, St. F). The spectfic gravity of 
this season is certainly less than that of September which is given else- 
where. Such a decrease of salinity might surely be caused by the inflow 
of thawing water. The pH of water is roughly subject to the change 
of salinity, and ranged between 7.7 to 8.0, excepting the estuary (St. E) 
where it was 6.6. The oxygen content of the water was relatively high 
owing to the low temperature of water. 

The above results suggest to us that the spawning of Obuchi herring 
takes place when the water temperature attains about 6°C., and when the 
salinity decreases down to about 1.007 or so, probably the minimum of 
the year. 

Apart from our records above stated a particular observation was 
made by Mr. S. Chiba of the Fishery Station on Sept. 9ih, 1931, to 
his courtesy the following results are due. His observations were made 
along a straight line directed S-E from Futamata River to the S-W 
side of the lake, crossing die deepest point. Thirty four stations listed 
in the following table are recorded from the south east side to the 
Futamata River in order. 

The points of interest which are raised by the following table will be 
stated as follows: 

The temperature of the water of this lake varies around 18°-19*C in 
late summer. A slight tendency of indirect stratification observed at 
several points might be caused by the greater density of water which 
stagnates in the lower layer. Probably the surface water with a low 
temperature might be unable to sink below the bottom water because of 
its lower salinity, thus resulting jn the indirect stratification. • 

The horizontal distribution of surface salinity of the lake is very uni- 
form through all regions, showing but slight variations around 1.005 (ca. 
7.6^, 15°C.). Such a homogeneous distribuUon is merely the result of 
the absence of large inflowing river whidi dilutes the salinity. But as to 
the vertical distribution a distinct stratification due to saliniQr was observed, 
as for instance between St. 12 and 8t. 28. In diese stations due sali^ 

i ■ 
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St 

Surface 

Intermediate layer 

Bottom layer 

Depth 
in m. 

Temp. C. 

Sp. Gr. 

Temp. C. 

Sp. Gr. 

Temp. C. 

Sp. Gr. 

1 

18.2 

1.0045 






0.22 

2 

18.2 

— 

— 




0..53 

3 

18.5 

1.0050 

— 

- 

— 

-- 

0.61 

4 

18.7 

1.0057 



- 

, 



0.74 

5 

19.0 

1.0060 

— ’ 




0.88 

6 

19.2 

1.0060 

— 

— 


— 

0.87 

7 

19.3 

l.OOGO 


— 





1.00 

8 

19.4 

1.0037 

— 

— 

— 



1.19 

9 

19.4 

1.00»7 








1.85 

10 

19.4 

1.0057 

— 

— 



— 

4.72 

11 

19.5 

1.0056 


. — 

— 

- 

5.00 

12 

19.4 

1.0056 

19.9 

1.0100 

19.7 

1.0175 

5.20 

13 

19.3 

1.0065 

19.6 

i.oa5o 

19.7 

1.0170 

5.19 

14 

19.0 

1.0055 

19.5 

1.0057 

19.7 

1.0170 

5.00 

15 

19.5 

1.0060 

19.5 

1.0055 

19.7 

1.0155 

5.00 

16 

19.5 

1.0055 

19.5 

1.0060 

19.7 

! 1.0160 

4.90 

17 

19.5 

1.0060 

19.5 

1.0055 

19.9 

I 1.0145 

1 5.00 

18 

19.5 

1.0055 

19.7 

1.0055 

20.0 

i 1.0125 

1 4.70 

19 

19.6 

1.0060 

19.5 

1.0060 

19.8 

1 1.0125 

; 4.50 

20 

19.5 

1.0055 ! 

19.7 

1.0060 

20.0 

1.0125 

! 4.50 

21 

19.0 

1.0055 1 

19.6 

1.0060 

19.8 

1 1.0120 

1 4.50 

22 

20.0 

1.0055 1 


i — 

20.0 

I 1.0130 

i 4.50 

23 

19.6 

1.0054 ! 

19.8 

1.0120 

19.8 

1 1.0130 

! 4.30 

24 

19.8 

1.0055 

19.0 

1.0058 

19.8 

1 1.0130 

1 4.10 

25 

19.6 

1.0055 

i 19.0 

1.0058 

1 19.9 

1 1.0132 

i 4.20 

26 

18.6 

1.0030 

19.6 

1.0051 

i 19.7 

1 1.0130 

i 4.10 

27 

18.5 

1.0024 

19.6 

1.0054 

' 19.8 

1 1.0130 

1 4.00 

28 

18.8 

1.0035 

19.6 

1.0050 

1 19.8 

! 1.0130 

i 3.90 

29 

19.1 

1.0052 

19.5 

1.0052 

1 19.5 

1 1.0063 

1 3.70 

30 

19.2 

1.0047 

19.4 

1 1.0055 

1 19.4 

1 1.0055 

; 3.30 

31 

19.4 

1.0050 

! 19.4 

! 1.00.53 

i 19.4 

; 1.0053 

3.10 

32 

19.0 

1.0051 

i 


19.4 

1.0053 

2.60 

33 

19.1 

1.0050 

1 

i 

; 19.4 

[ 1.0050 

2.50 

34 

19.3 

1.0050 

1 __ 

1 


j — 

1 — 

2.20 

35 

18.6 

1.0051 

\ 

! 


1 

! — 

1,50 


of the bottom water is about two or three times as great as that of the 
surface water. The highest density through all stations and depth is 
1.0175 (ca. 23.9%, 15"C.) which was observed at St. 12. This is a 
salinity roughtly corresponding to 70?^ of common sea water. 

In short, that the salinity of this lake is influenced by sea water up 
to the furthest inward region is remarkable as compared with some other 
bradtish Idces where the salinity is limited to the vicinity of the outlet 
river. So, when the salinity condition above mentioned is taken as show- 
mg the ncvmal state, the entire body of this lake is said to be well suited 
to the brackish fauna. 

ffhtutgkvl condtions of (he lake As stated above the entire mass of 
this lake is of typical brackish conditions. Acctwdingly the fauna inhabit- 
ing there is marked by typical brackish animals. Pure fresh-water animals 
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such as Carassius auratus Gunther have not been found. This is of 
interest when compared with the neighbouring Lake Takahoko, in which 
the fresh-water fauna living in the innermost region gradually transfers 
to the brakish fauna towards the outlet region. 

Among the fishes found in this lake the eel, Anguilla japonica T. & 
S. is of first importance in fishery. Formely, until some thirty years ago, 
when the yield had been very great the size of this fish was comparatively 
small as compared with the recent fishes which now show a considerable 
depletion. The salmon, OncorhynckUs keta (Walbaum) and Oncharhynchm 
masou (Brevoort) which are incomers from the sea are found ascending 
Futamata River in autumn, though not in great numbers. The Chika 
(Hypomesus japonicus olidus (Brevoort)) a noted salmonid fish artificially 
propagated in other lakes is rather scarce in this lake. The Bora, Mugil 
cephalus Linne and the Menada, Liza manada Tanaka are both found in 
abundance. The Ugui, Leuciscus hakuensis Gunther and the Suzuki, 
Laterlabrax japonicus (Cuvier & VALENaENNEs) are both the principal 
inhabitants. The flat fish Platichthys stellatus (Pallas) is also the com- 
monest fish among the main food fish. 

Other than the fishes above stated the Crustacea such as the Mokuzu- 
gani {Eriochea japonica de Hann), Nukacbi (Xiphocardina compressa (de 
Haan)), Ebijako {Crangon affinis de Haan), and Tobimushi {Gammarus 
sp,) have been found. Regarding the Mollusca the commonest shell called 
Iwagai {Libitina japonicum (Pii^bry)) was found. This shell inhabits the 
rocky shores of the lake, and is said to have been found in abundance 
until a few years ago. The bivalves such as Monoaragai {Limnaea sp), 
Karasugai (Cristaria plicaia Leach?), Yamatoshijimi (Corbicula japonica 
Prime), and Isoshijimi {Sanguinolaria olivacea Jay) are frequent.. 

Plankton The collections of plankton were made twice, i. e. on April 
5th and on June 17th, 1937, each collection being made at the centre of 
the lake at different times of the day. An examination of these specimens 
showed that the plankton of this lake is typically brackish, and that the 
change of type due to season is highly distinct. The numerical abundance 
has been found to be no less than the neritic area of ordinary seas. 

In early April (collection of 5th) when the temperature of the water 
ranged between 5.8®-6.6'’C., and the specific gravity around 1.008. Plankton 
community was dominated by Skeletonema costatum. As is well known 
this is one of the commonest species of marine diatoms. Therefore, 
superficially it is questionable whether this species might be brought from 
the sea by the tidal stream. But that this may not be so is surmised 
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from the absence of other marine diatoms which should be found mixed 
with this species. Consequently the predominance of this species can be 
considered as the adaptation of this species for brackish condition. Other 
phytoplankton in addition to Skeletonema were Melosira, Amphiprora, and 
Peridinium which are all proper to brackish water. 

Among the zooplankton which were relatively few in number Synchaeta 
pectinata (?), a species of Rotatoria, was very common. Associated with 
this species Asplanchmz sp, was found in second abundance. As the 
larval plankton two kinds of veliger of Gastropoda and swimming larva 
of Lamellibranchia were also commonly found. 

In mid-June (on 17th) the temperature and specific gravity of the 
surface water were 17.4®C. (18.5“C., bottom) and 1.005 (1.011, bottom) 
respectively. Accompanied with such altered conditions the plankton 
also showed a remarkable change. Skeletonema costatum which was the 
dominant species in April disappeared, and the whole community was 
replaced by the species of zooplankton. The predominance was exhibited 
by veliger larva which may probably be evolved from the Gastropoda 
inhabiting the lake. Greater interest was, however, felt in the point that 
the nauplius and copepodid of Limnocalamis sinensis v, tenellus, a typical 
brackish form, appeared in great abundance. As the adult form was also 
found mixed with these larvae the reproduction of this species might 
have probably taken place during May. It is of further interest to con- 
sider that thi.s species would provide an excellent food for the fry of 
herring. 

Beside the above species such Rotatoria as Anuraea cochlearis var, 
tecta and Notholca sp, were found in less abundance. Though the phyto- 
plankton was much less in quantity it was characterized by the appearance 
of Biddulphia sp. which seems akin to B. levis of marine form. 


b) Racial Study 

As compared with the herring of Europe where the environmental 
conditions of this fish are much varied, and hence the form and habit 
also show a wide diversity, the Japanese herring shows but little com- 
plexity in this connection. This is probably due to the relatively uniform 
condition of environment as seen topographically as well as hydrograpbi- 
cally. Under such circumstances the sole cause of varying character in 
herring seems to be the surrounding of brackish lake which affords an 
isolated environment to the animal. Indeed the herring found in Lake 
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Hinuma or Lake Obuchi show such distinct features as to be easily dis> 
cemibie from other herrings. Some of these characteristics are very 
obvious and can be affirmed without scientific measurement. But not to 
speak by means of measurement each of these characters can be defined 
very exactly. 

1) Total length of the body (T) 

a) Obuchi herring When all specimens were treated as a whole the 
length of the body (T) ranged between 25.5-35.0 cm, the mean value mea- 
suring 29.9 cm (Table). But when' two lots were measured separately 
the first lot (Table 2) was much larger than the second lot. The former 
ranged between 27.9 cm -and 35.0 cm with the mean of 32.7 cm, while 
tiie latter ranged between 25.5 cm and 32.8 cm with the mean of 29.5 cm. 

As already stated the first lot was collected at the beginning of the 
season while the 2nd lot was obtained at the middle or end of the season. 
This fact suggests that the incoming migration of herring is commenced 
by larger fishes i. e. old fishes, and that with the advance of the season 
the school is associated with younger fishes. Such trend is a fact generally 
known in the herring of Hokkaido. 

As can be seen from Table 1 the body length of each age group 
varied in somewhat wide range. But as will be stated later the mean 
value of each age group showed very reasonable body length. 

b) Asamushi herring The total length of the Asamushi herring ranged 
between 24.3-29.4 cm, with the mean length of 27.9 cm (Table 3). As 
can be seen from Table 3 this school shows uniformity in size. But this 
uniformity may have no ecological significance as the fishes were caught 
by drift net, the size of fish being due to the mesh of the net. Therefore 
it is probable that the school might be associated with smaller fishes but 
not with larger, because larger ones, if mixed, could have been caught. 
And consequently we are led to suppose that the specimen may reinesent 
the larger fishes of the school of the year. 

2) Dorsal fin let^th (Ds) The index to denote the relative length 
of dorsal fin was derignated as {Ds/T 1000). On Obuchi herring the 
mean value and the standard deviation of this index have been found to 
be 118.7±5.2 and 111J2±4.6 in the Asamushi herring. According to 
Fujita and Kokubo (1927) this number varies very distinctly with races 
and has the tendency of increasing froj^n north to south as will be seen 
below. In the following figures, 100 was subtracted horn each vidue, for 
dm convenience of comparison. 
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(1) Karafuto herring 7 

(2) Hokksudo herring 9 

(3) Asamushi herring 11 

(4) Urajk) herring 12 

(5) Chosen herring 14 

(6) Obuchi herring 19 

(7) Tashirojima herring 20 

(8) Hinuma herring 19 


When seen individually the longest dorsal fin of the Obuchi herring 
was 32 of Fish No. 79. In the Hinuma and Tashirojima herring the 
highest value is still larger, showing 38 and 39 respectively (Fujita and 
Kokubo, 1927). From a glance at the above figures it can be seen 
that the length of the dorsal fin of Obuchi shows close approximation to 
the Hinuma and Tashirojima herring. 

From the equation already given the diversity which exists between 
the Obuchi and Asamuchi herring can be computed as follows. 'I’he 
difiPwence of two means values was found to be 7..5 (118.7-111.2). The 
probable errors of these mean values were 0..S87 and 0.453 respectively. 
So that the comparison of two variation curves can be expressed a.s ; 

-7.5±0.595 

As the Asamushi herring was taken as standard negative sign was 
given to 7.5. The above figures show that the difference of mean values 
is about 12 times as great as the probable error. If the Obuchi herring 
is compared to the Hinuma herring the relation between the difference 
of mean and the probable error is found to be 1.0 ±0.64. 

3) Lateral length of the head (Lcpl) The index to express the relative 
length of head was designated as (LcplIT) 1.000. In the Obuchi herring 
this value and standard deviation have been found to be 182±4.8, and 
200±3.7 in the Asamushi herring. According to Fujita and Kokubo 
(1927) this value also varies with races and has a tendency to decrease 
frota north to south as will be seen below. In the following figures, 100 
has been subtracted from each index, for the convenience of comparison. 


(1) Karafuto herring 

103 

(2) Hokkaido herring 

102 

(3) Urajk) herring 

88 

(4) Chosen hwring 

85 

(5) Obuchi herring 

82 

(6) Tashirojima herring 

97 

(7) Hinuma herring 

88 
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From the above it will he noted that the change of the length of 
head is quite contrary to the length of dorsal fin which increases towards 
the south. Moreover the mode of change is not so regular as in that of 
the dorsal fin. According to the data of Fujita and Kokubo (1927) 
this value somewhat varies with specimens from lot to lot. In the Hok- 
kaido herring it ranged between 95-107, and in the Hinuma herring it 
ranged between 82-95. As the value of the Asamushi and Obuchi her- 
ring was secured from one lot of each the above values (100 and 80) 
may be indud^ jwithin the variation range of Hokkaido and Hinuma 
herring. As observed individually the shortest head of Obuchi herring 
has been the 72 of the fish No. 42. In Hinuma herring and Tashiro- 
jima herring the shortest value was 66 and 72 respectively. 



Fig. 3. Comparison of the head-length of Obuchi- (— — ) and Asamushi-herriog* 
Ordinate.... frequency in Abcissa. . . .head-jength 

Ml.... Mean value of the head-length of Obuchi-herring.' 

M2 Mean value of the head-length of Asamushi-herring. 

As in the case of the dorsal fin a comparison of the Obuchi and 
Asamushi herring were made in relation to variation curve (Fig. 3). The 
probable errors of the two mean values were 0.357 and . 0.396 respectively. 
The difference of two mean values was found- to be 17.5. So fhat the 
comparison of two variation curves can be; expressed as follows : 

+ 17.5±0.513 

Above figures show that the difference Bf mean vidue is about thirty 
five times the probable error. 
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When the Obucbi herrinR is compared to the Hinuma herring the 
above relation becomes as f6.0+0.6, indicating that this difference is 
by far smaller than between Obuchi 
and Asamushi herring. 4i50r 

In short the lateral length of 7 ut 

the head of Obuchi herring do- ‘ J ^ ^ 

cidedly differs from that of Asa- / / / 

mushi herring. Therefore the ^50- / ^ / 

distinction indicated by the com- y 

parison of dorsal fin length is now / / / 

strongly emphasized by the measure- r mf 

ment of head length. 7 

4) Body weight (Wt) The speci- 2.50 - / /□/ 

mens examined ranged between / P' 

25.5-35.0 cm in body length, and L 

were relatively few in number. / 

Therefore the weight length rela- " / //^ 

tion obtained is naturally limited Ay 

to the distal part of the so-called Hr//® 

weight length curve, and it may I /M 

be no more than a rough appro- IfiO-//' 

ximation (Fig. 4). In Fig. 4 two ^ 

lines were added deriving from 

the data of Fujita and Kokubo ^ ^ rfe-ri.. 

(1927). Th«e line, an be ex- 

preraed by the (olltwing three >'«■ *■ WelehW'eeib 

, 1 1 . 1 . 1 i- 1 kinds of herrings. 

formulae which involve the formula .Obuchi-herrinR (□). .Hinuma-herring 

FL'~ W, where F designates length- («) . . Hokkaido hen-ing 

weight factor as multiplied by 1000; X * n are average weight at each cm 

*, the power to which L must be length. 

raised in order to express the awu.- H„dv i™»fh 


250 300 3.50 400 4.50 

Fig. 4. Weight-length curve for three 
kinds of herrings. 

(x). . Ohuchi-herring (□). .Hinuma-herring 
(•) . . Hokkaido-herring 
X # n are average weight at each cm 
of length. 

Ordinate Body weight 

Abscissa .... Body length 


relation between weight and length ; 

W, the weight of the fish ; L, the length of the fish. 

(1) WU-^.mZ . . . .Obuchi herring 

(2) WLr-^0.0m. . . .Hinuma herring 

(3) WX* ‘"0.6670. . . .Hokkaido herring 

From Fig. 5 and tfie resultant formulae one will note the presence 
of a marked difference among these three herrings. Fojita and Kokubo 
(1927) emphasized the difference which exists between the Hinuma herring 
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and Hokkaido herring. Such a difference is, however, by far exaggerated 
by Obuchi herring. 

5) Wei^ of ovary (Owt) and mafmity IVeoeding the spawning 
season the weight of the ovary of herring increases. This increase which 
signifies maturity can be expressed by measuring the Owt/Wt i.e. the 
ratio between the body weight and the ovary wei|d>t« Fujita and KokUbo’s 
(1927) result riiows that in the Hinuma herring the CHotJWt of matured 
fish of three years (27.5 cm in total length, 120 gms in weight) shows 
ca. 0.33 i.e. 33^, and ca. 25^ in 4 year fish (31cm in total length, 
240 gms in weight). Actually the number of eggs laid increases with the 
length of the fish, but the ratio OWt/Wt decreases with length. 

In Obuchi herring the OWt/Wt was 12.5 9^ in mean, being lO?^ or 
there-about in smaller school (say, 27 cm in length), and over 159^ in 
larger school (30 cm and upwards), including so smaU a value as 5.29^ 
in the smallest fish (Table 1). None of the fishes showed this value to 
be over 20^. From these fact it is plain that the schools studied are 
not yet fully matured, but are on the way to maturity. This can be 
proved by measuring the OWt/Wt of two schools separately. The six 
fishes exceeding 31 cm, selected from the first lot (taken in December) 
have the OWt/Wt of lOA^, while the sixteen fishes of same size from 
the second lot (taken in February) have the OWt/Wt of 15 9^, indicating 
that the ovary are just growing during this season. 

Counting a part of the ovary of a fish it was found that 1 gram of 
ovary contains 1010 eggs. As the total weight of fishes was actually 
weighed the calculation from this showed that the mean number of the 
eggs of a single fish is about 35400. 

In Asamushi herring ffie ratio OWt/Wt counted 18.9 96 , showing that 
this herring is not yet in ripest condition. 

6) Keel scale (Kt) In Obuchi and Asamuriti herring the mean number 
of keel scales and its standard deviation were found to be 11.40:t0t.748» 
and 10.64±0.639 respectively. According to Fuhta and Kokubo (1927) 
the mean number of keel scales varies regdar^y from north to aottffi. 
In the case of Japanese horiog this number ranges between 10.67 and 


11.64 as will be seen below. 

(1) Asamushi herring 10.64 

(2) Kara^ hflnrihff 10.67 

(3) Hokkaido hearing U) J3 

(4) Urafio herring 11^14 

(5) Qmmu herring IIJO 
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(6) Obuchi herring 11.40 

(7) Tashirojima herring 11.45 

(e) Hinuma herring 11.64 

The number of ked scales in individual herring varies from 6-12 in tiie 
former four herrings, and between 10-13 in the latter three. In Karafuto 
herring and Hokkaido herring the frequency of 10 scaled 6sh is greater 
than that of Urajio and Chosen herring, thus decreasing the mean number. 
In Urajio and Chosen herring the frequency of 11 scaled fish increases 
resulting in the increase of the mean number. In Tashirojima herring 
the frequency of 11 scaled fish equally increases, while the Hinuma 

herring has the maximum frequency in 12 scale (Fig. 5). 



Fig. 5. Comparison of the variation curves of five Japanese herrings. 

1 . . . . Obu^i-herring H Asamuai-herring 

III ... . Hinuraa-harriiig IV Hokkaido-herring 

V, . . .Ttfrfroiima-hefTing 

Orditiate. .. .fraqaency in Abscissa number of keel scale. 

In dtis regard, die Obuchi herring markedly approximates to the 
Tashirojina herring shoSring almost similar distribution in the frequency 
of 11 and 12 scales, though Ae awan number is a little less than the 
Tashirojima herrhil l<ake Obuchi h situated between Taslurojima and 
Hoy(aido>eo that the ^number found oti Obudii herring fully agrees wiA 
Ae tendeMy Anted by Fujita and Kokubo (1927). 
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With a view to diowing the difference virhudi exists between Obuchi 
and Asamushi herring a comparison of variation curves was made in 
respect to the keel scale. The probable error <rf two mean values of 
the indexes was computed to be 0.063 and 0.056 respectively. The 
difference of two mean values was found to be 0.76. So that the com- 
parison of two :variation curves can be expressed as follows. 

-0.76±0.084 

The above relation shows that the difference of mean value is about 
nine times the probale error. Cotrilparison of 0^^ herring to Hinuma 
herring shows this relation to be+0.24i:0.655iipp*j 

7) Scale According to Lea (1910) who studied the herring scale 
very thoroughly the scale taken from the .lateral side of the fish (around 
6th or 7th' row from belly upwards) shows an almost constant character 
along its entire body length. Therefore, in the present study, a few 
scales taken from the lateral side around these rows were used for the 
age determination. 

a) Obtuhi herring On examining the scale we first encountered the 
difficulty that . the scale of Obuchi herring is relatively irregular in its 
annulus structure. Out of eighty two herrings the specimens which showed 
normal growth ring were less than half. After close examination the 
scales were sorted out into three types. The first type to which 48 9^ 
of the Obuchi herring belonged was characterized by a distinct outermost 
annulus, and within this annulus somewhat obscure annuli were observed. 
The second type were such scales as shows more or less typical growth, 
about 3796 of the fishes belonging to this type. The third type had 

very indistinct annuli and scarcely 
enabled the age to be determined, 
forming about 1496 of all speci- 
mens (Table 1). 

The age determined thus were 
listed in the following table, from 
which it can be seen tht^ this 
school iiidudes the' age groups of 
2-8 yem. The percentaf(|e com- 
position of each age group and He 
average body length were dso given in ^ table. ' 

From the above it can be emm. ^wt school nudnly oensiste 
three and four year fidies, ai mb }iiat die case widi Hinuma hei^g 
(FtMiTA and Koku^. 1927). The pawning nrigranls iff such an 


Age 

Percentage 

Body length 

2 


26.1cm 

3 

mi 

28.0cm 

4 

31?^ 

31.3 cm 

5 


81 .6 cm 

6 

^ 5% 

S2.8cm 

7 


82.8cm 

8 

1% 

^ 84.0cm 
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composition can be said to b(‘ relatively young as compared with the 
general sea herring, the mixing of 2 year fishes being of furth('r interest. 



f». Sralo of two-yoar fish (Olnjclii lu rrin^ , 


Looking through th(‘ ag(?s of the fishes in Table 1 on(‘ will notirc* 
two salient features. Firstly, the size of 2 year fishes is astonishingly, 
large, attaining 21.6 cm, a size? which has not yc'l been ohserv(‘d in other 
Japanese herrings. 'The authors themsedves wctc suspicious at this point 
at first, hut all the scales of the.se fishes decidedly and obviously irulicat(*d 
their age to he 2 years (Fig. 6). In the second place it is also noU'Worthy 
that the si/.e of each ag(‘ class varies in a relatively wide rang(', as for 
instance 2 years ranges between 25.5-31.5, and four years between 27.3- 
32.7 cm etc. With regard to the size of Japanese herring Fujita and 
Kokubo (1927) reported the superior size of Hinuma herring in contrast 
to the Hokkaido herring. H.I()RT i 19()8) likewise states the varying 
growth of European herring due to different surroundings. Their state*- 
ments make the authors consider that the irregular growth of Ohuchi 
herring may be connected with their coastal or brackish surroundings. 
Indeed, the only way to interpret .such growth in herring may account 
for it as due to a peculiar growth rate proper to such brackish herring. 

b) Asamushi herring Contrasted with the Ohuchi herring th(* scale 
of Asamushi herring .showed regular and normal growth, so that the age 
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determinations were made readily (Fig. 7). A few respects which require 
some comments may bo that th<! growth of the scales of 1 year fishes 
terminated at the periphery of summer area, thus showing normal growth. 
While in the scale with 4 annuli the outermost growth zone was relatively 
narrow as if it had already begun new growth at the periphery of the 
winter ring. 



Fig. 7. Scale of four-year fish (Asumusi-horring;. 


From an (*xamination of the scales it proved that the majority of this 
school coiT'ists of four year fishes mixed with a few of three or five 
years age. The size of these fihes was of no novelty, being closely allied 
to that of the Hokkaido herring. 

With respect to the study of the scale it has been felt that, in Japanese 
herring no precise argumcmt can be made in so far as my past and pre- 
sent data are concerned. The question whether it is possible to argue 
so particularly as Lea (1929i and Runstrom (1988, 1986) was reserved 
for future study. 


4; GENEKAr. REMARKS 
a) and surrounding 

Most of the migratory fishes are regulated during the greater part of 
the yeai by the supply of food, but during the rest of the year they are 
under tht! influence of the spawning desire. Indeed it is during this period 
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that many neritic fishes such as Salmonidae ascend the rivers to spawn. 
It seems however, that such a habit has attracted but little attention as 
regards tlie herring. 

From their study Fujita and Kokubo (1927) considered that the 
anadromous habit of the Hinuma herring may be associated with their 
racial characteristics. Obtaining the suggestion from them we first intended 
to study whether their assumption can be realized or not, as we found a 
similar spawning habit in Obuchi herring. Obuchi and Hinuma herring 
are so much alike in their habitat and spawning season that one would 
naturally expect an analogy between them. Both Lake Obuchi and Hinuma 
communicate with the Pacific Ocean through rivers. The Hinuma river 
is to the Hinuma herring what the Obuchi river is to the Obuchi herring. 
But contrary to the above similarity there is an opposing factor . in the 
point that the habitat of Obuchi herring is near that of Hokkaido, where 
Hokkaido herring abound. This led us to consider the probability that 
the Obuchi herring might originate from the Hokkaido herring which 
differs distinctly from the Hinuma herring. 

As previously stated, however, the measurement indicated that the 
Obuchi herring was allied to the Hinuma herring in every particular, 
differing from the Asamushi herring which shows close approximation to 
the Hokkaido herring. And hence it may be safe to consider that both 
the Obuchi and Hinuma herring belong to a race. Pacific Coast Herring, 
while both Asamushi and Hokkaido herring belong to another race, 
Japanese Sea Herring. Thus it is likely that the similar surroundings 
produce similar races. 

Speaking of the presence of difference between coastal and sea herring 
Ewart (1883) stated that “ If the heirings were at the out set littoral 
forms some of their descendants would naturally remain in shore throughout 
the year. And as a result of the different surroundings there might occur 
some alteration in the form of the body, thus producing two distinct 
varieties”. After stating so he further added ” whether this has taken 
place has not yet been determined”. But we think that his assumption 
was formerly demonstrated by Heincke (1874) who distinguished coastal 
herring from sea herrings. In Fujita and Kokubo’s (1927) study and 
also in the present work the form variation which might have been pro- 
duced by different surroundings, is indicated. 

In European herring as well as in Japanese herring several marked 
differences . exist b^ween the sea herring and . coastal herring. Such 
differences, in Japanese herring, however, do not coincide with those in 
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Earopean herring. For iaatnaoe HhOKaoB (1874) iwdiwtBi dNiA in <iw 
European sea herring the mtmber of toed acahi ia iargar and dm head 
is shorter than the costal herring. But as was stated elsewhara» ihtaa 
rdatioos are completely revened in die Japanese herring, tbcm^ die 
length of the dorsal fin is .ha both Earopean and Japanese he r rin g s . 
longMT in the coastal than m die aaa herrmg. Ilierefiare it is dAcidt to 
determine what diaracter might resoit from coastal or sea ceoditiotis. 

b) Spawning fuAA 

The pawning of Obadn herriigi-' takes pboe at the ead of March 
ranging into early April. This has tong been kaosni atamig fishermen, 
end it has been said that Icnmeriy when the herring fidtory had not been 
depleted the mfiky pollution due to spawning was <Asetised at die spawning 
ground. Our observation established that diere me two spawning grounds, 
one at the east part and another near the aoiith west part of the lake, 
the latter being largor dura the former. ' &ch of these places measures 
three or four metos in depth and the bottom is vegetated by hydrophytes. 

As previously, stated the incoming migration begins from about mid- 
December, and continues dll late Mar^ So diet die early emigrants 
must awnit spawnmg for about three months under ke. During this 
coldest season the r^rodnedve organ which is not ripe at first comes to 
maturity. This fact strongly suggmts the general (winciplc that the re- 
productive metabolism of organism proceeda ondm* a far tower tem per a ture 
than diat of the vegetadve metabolism. 

As just mentioned the incoming migration lasts far about three months. 
Therefore a wide difference of time exists between early and late emigraats. 
But that this may be also the case with Holdcaido herring is soggestad 
by Yaiiaguchi (1926). He states diat the herring riioala wMch leadtod 
the west coast of Hokkaido by oily Mardi doee not mature as yet. 
According to ban it is over a month later that dute herring cornea to 
diofe in full maturity. Tberrfore, in genend, it can be aeid dut the 
herring •comroenoef apawning naovement very tong before meturity. Such 
a ndadoB of aptmamg aaaaon appears to be sdm the am in the IHuifie 
herring of No(^ ^nerka (Jobdan dk J^bnmamm, 1694). In Sau Diego, 
the soudwmmost lindt «f the ^sfrfliedom .theg agewn as early el Janeary 
while te die Strict further aoifh dm apawniBg takea idaoe mudh litar. 

CHxidii lierring wfairii are spent jmd eabiat ged. demend die ilviif derhig 
April. The larval lidi eemr i in g freto dieir eggs grew to about Spi by 
May or Jttae in the lake and Mtor.dds the fry deniWl dw lietr t at a6t | | 
inte dimalant asteratiMi.' Oa JUr SS. 16S7 dseKhtfsai fidms dl^ 81 
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were collected at the mouth of Obuchi River, on their way to seaward 
migration (Table 1). After measuring these fishes it was found that by 
above season of this year the larval fishes attained to 81^ mm in length 
in maximum, and 65 mm in minimum. 

The explanation as to why the Obuchi and Hinuma herring spawn 
and develop in V)rackish water may b(^ ascribed to th(‘ phylogeny of this 
fish. Basing on the assumption that the twT) races of Japanese herring 
are descendants of one and the same ancestor it can be understood that 
OI)uchi herring might have formed this l)rackish habit as a result of 
landward adaptation, as contrasted with Hokkaido herring which has taken 
the oceanic habit as seaward adaptation, (oncerning the susceptibility of 
the herring to low salinity due to the aforesaid adaptation the authors 
consider that the extreme of this ability may be L005 or upwards in 
specific gravity. This is not only probable from the study of the Obuchi 
and Hinuma iK rring l>ut is also reflected by the fact that in Lake Taka- 
hoko, a neighbouring lake of Lake Obuchi, in which the salinity of the 
central part is 1,008 (Tamura, 1932. p. 69), hut very few herrings are 
found. 

Studying the development of herring Yamaouchi (1926) stated that 
the dilution of salinity seems to have hut little effect upon lh(* development 
even when the salinity was reduced to one third of the sea water. He 
observed that the larval fish hatched out from the egg survives quite 
normally under such a low salinity. From his experiment he concluded 
that th(* herring developes and survives were it not in the* pure fresh 
water. In this connection Fujita tind Kokubo (1927) observed that the 
spermatozoa of Hokkaido herring survives actively for two hours in sea 
water with a specific gravity of 1.009. These results may prove that in 
Lake ()f)uchi the spawning and development of herring would be favou- 
rably accomplished. 

Regarding the connection of salinity with the development of marine 
forms Heincke (1898) states the capability of salinity to alter and limit 
the form of marine forms. According to him, in herring, the decrease 
of salinity is accompanied by a reduction of the number of vertebrae, 
and an increase in the length of head. Ford (1929) investigated the 
relation between the salinity of environmental water and the specific 
gravity of herring larvae. His result suggested that the effect of changing 
salinity would affect the morphological character of the fish, thus resulting 
in the racial change. 

c) Racial characters After studying the races of Japanese herring 
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FuMTA And KoKtwo (1927) arrived at the conclusion that the characters 
dUcb best define one race from others are; (1) relative length and height 
of iiaed) (2) nriative lei^ith and position of dorsal fin and pelvic fin, this 
position being exinreseed as the distance from the tip of snout to the 
anterior end of fins, (S) number of keel scales between pelvic fin and anus. 
The relation of these characters in Hokkaido and Hinuma herring, the 
two distinct races among Japanese herring, is as follows: 



Dortdi fin 

Head 

Position of 

No of 



position 

length 

height 

pelvic fin 

Keel scale 

Hokkaid0 hemng 


f4r 

long 

high 

far 

few 

HimniMi iMfriiig 


noar 

short 

low 

near 

many 


In the present study three main characteristics i. e. head length, dorsal 
fin length, and number of ked scales were selected. From the measure- 
ment of tiiese characteristics it was found that Obuchi and Asamushi 
herring differ widely from each other, and that they respectively belong 
to the races of Hinuma and Hokkaido herring. 

Heincke (1874) considered the position of the dorsal fin and pelvic 
fin of the great importance, and distinguished the spring herring of the 
Bdtic from the autumn herring of the North Sea basing on these 
diaractaristics. While Ewart (1883) compared the position of fins on 
the spring and autumn herring of Scotland and found that there is even 
mmre variation between two spring herrings than Heincke finds between 
his autumn and spring herring. In Fujita and Kokubo’s (1927) case, 
however, the position of dorsal fin was one of the most accurate factors 
in determhuiv the races. In the present study the position of fins has 
not been measured. But from the correlation which exists between 
ienglh And position at fins, as is seen in the above table, it is surmised 
this relation in the Obuchi herring might be quite reversed as com- 
pared with the Asamudii herring. 

'Hie si^piifiisahce at counting of keel scale is not only stressed by 
IfsfftCKB (1874) but Mathews (188S) also attached impnrtance to its 
nouathlgk In Pihwa imd K<wubo’s (1927) study and likewise in the 
p r elB Bt stiufy it wee fully recognised that the counting cl ked scales 
|d|p m he^rtunt rule ki disi&wuidiing races. 
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, 6) SUMMARY 

1) jPreliminary observations have been made on' the ecological and 
racial characteristics of the brackish herring found in Lake Obuchi, and 
on anoAer sea herring collected at Asamushi. 

2) General hydrbbiological observations have been made on Lake 
Obuchi, a brackish lake into which the herring invades from the Pacific 
Ocean. 

3) The migration of Obuchi herring into Lake Obuchi begins from 
mid-December and continues till late March every year. The spawning 
group of this herring in 1936 chiefly consisted of three and four year 
old fishes. 

4) The spawning of the herring in the lake takes place from late 
March to early April at two portions of the lake at a depth of three to 
four meters where hydrophytes vegetate. 

5) The spent fish descends the river during late April in an exhausted 
condition. The larval fishes developed from eggs growing to about 5 cm 
in length by June when they descend the Obuchi River towards the sea. 

6) Asamushi herring migrates to shore probably from Tsugaru Strait 
during the period from late April to early May. In 1936 the spawning 
group chiefly consisted of four year old fishes. 

7) The salinity of water to which the herring shows normal accomo- 
dation seems to be 1.005 or upwards in specific gravity. 

8) The racial characters of Obuchi herring are found to coincide 
with those of Hinuma herring which is a distinct coastal race found by 
Fujita and Kokubo (1927). 

9) The racial characteristics of Asamushi herring well coincide with 
those of Hokkai4o herring, and consequently it results in that bBtWisen 
Asamushi and Obuchi. herring there exists a sharp distinction, from racial 
view point. 

10) A gigantic growth of two year &h of Obuchi herring is worthy 

^ note. This poinl; however, still remiuns open to question as to whether 
it may be due to some abnormal growth or to some anomalous structure 
of the scale. . . 
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